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ABSTRACT 

Signals  from impact i on iza t ion  plasmas are s tud ied  as a means 

of performing mic ropa r t i c l e  composition ana lys i s .  

s i g n a l  response was measured i n  a t ime-of-f l ight  (TOF) system f o r  lanthanum 

hexaboride,  carbonyl i r o n ,  and aluminum mic ropa r t i c l e  impacts on a tantalum 

t a r g e t ,  p r imar i ly  i n  t h e  1 - 8 km/s v e l o c i t y  range. 

graphs of r e p r e s e n t a t i v e  i o n  TOF s i g n a l  response are given f o r  each material 

s tud ied .  

as w e l l  as t h e  charge c o l l e c t e d  i n  each observed i o n  mass group. 

t h a t  i o n  s i g n a l s  c o n s i s t  pr imari ly  of t h e  lower i o n i z a t i o n  p o t e n t i a l  

elements over t h e  1 - 8 km/s range. Aluminum from aluminum p a r t i c l e  

impacts w a s  observed down t o  Z -his f o r  most impacts. 

range show a marked improvement i n  the  observed number of higher  i o n i z a t i o n  

p o t e n t i a l  elements. 

above 10 km/s, it is recommended t h a t  missions above 10 km/s be considered 

f o r  t h e  use  of an  impact i o n i z a t i o n  TOF system t o  perform composition 

ana lys i s .  Prel iminary d a t a  w e r e  acquired from impacts of carbonyl i r o n  

p a r t i c l e s ,  d i f f e r i n g  i n  mass by two o r d e r s  of magnitude, t o  determine mass 

dependent e f f e c t s  on t o t a l  charge produced. 

found t o  be equal  t o  0.154. 

r e s u l t s  found over a smal le r  mass range which i n d i c a t e  a t o  be near  u n i t y .  

Impact i o n i z a t i o n  

Osci l loscope photo- 

Graphs and histograms a r e  presented of t h e  t o t a l  charge c o l l e c t e d  
Data show 

Gata I:: Ehe 20 h!s 

A s  t h e  r e s u l t  of t he  g r e a t l y  improved da ta  y i e l d  

Where Q = K mavB, a w a s  

This va lue  d i f f e r s  s i g n i f i c a n t l y  from o t h e r  
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1.0 INTRODUCTION 

I n  r e c e n t  yea r s  an irlcreasizg desrt?e af  i n t e r e s t  and d i scuss ion  has 

been observed i n  regard t e  
c h a r a c t e r i s t i c s  of one of t h e  short Period comets. 

a measurement of t h e  phys ica l  PQIQfD@terA of the cometary d u s t  environment 

would be of primary interest .  
p a r t i c l e  m a s s ,  number dens i ty ,  ( I d  Gk%mical composition. 

study has  examined t h e  impact i o n i z a t i o n  phenomena as a means of 

measuring t h e s e  parameters f o r  B Cometary eaeounter i n  a 1 - 8 km/s 

re lat ive v e l o c i t y  range. 

P s s i b l e  f lyby rnisaiofi t o  probe the  phys ica l  

I n  any such mission, 

Physical  parameters t o  be measured are 

The p resen t  

The impact i o n i z a t i o n  phenomena has beern k~ewn f o r  a number of 

yea r s  and is t h e  result pf vaporizat ion and subsequent thennal  i o n i z a t i o n  

of a p o r t i o n  of both p r o j e c t i l e  and garget material@ from k i n e t i c  energy 

l i b e r a t e d  during a high v e l o c i t y  impact. 

ed e lectr ic  f i e l d s ,  t h e  ions produced may be ex t r ac t ed  and subsequently 

By URO of appropr i a t e ly  s t r u c t u r -  

analyzed i n  a t ime-of-fl ight mass analyzer. 

p re sen t  s tudy t o  examine t h e  s i g n a l  response obtainable  f o r  impacts of 

lanthanum hexaboride,  carbonyl i r o n ,  and aluminum mic ropa r t i c l e s  on a 

tantalum ' t a r g e t ,  pr imari ly  in t h e  1 - 8 km/s impact v e l o c i t y  range, 

Such a system was  used i n  t h e  
I 

I 

I 

I n  Sect ion 2,  a review of t h e  basic  p r i n c i p l e s  of t h e  impact 

i o n i z a t i o n  process is given i n  order  t o  acquaint t he  reader  with a model 

which desc r ibes  t h e  phenomena with s u f f i c i e n t  c l a r i t y  t o  permit -- i n  s i t u  

measurement of t h e  r e l a t i v e  abundance of materials i n  a n  impacting p a r t i c l e .  

This would be i n  a d d i t i o n  t o  t h e  simpler mass analysis and i d e n t i f i c a t i o n  

obtained from a r r iva l  time d a t a  i n  a t ime-of-fl ight system. 

i n  Sec t ion  2 d e t a i l s  t h e  way i n  which t h i s  may be accomplished by t h e  

I 

The review , 
I 
I known r e l a t i v e  abundance. 

a d d i t i o n  of two o r  more con t ro l  elements to  t h e  impact t a r g e t  s u r f a c e  i n  

I n  Sect ion 3 ,  the  impact i on iza t ion  d a t a  acquired i n  t h e  TRW 

Systems Group Mic ropa r t i c l e  Accelerator  F a c i l i t y  are presented. 

t i o n  of t h e  mic ropa r t i c l e  a c c e l e r a t o r  and a s soc ia t ed  apparatus  is  given 

A descr ip-  

I t oge the r  w i th  d e t a i l s  of the experimental apparatus f o r  measuring t h e  

impact s i g n a l  response. The d a t a  are presented i n  the  form of representa-  

t i v e  osc i l l o scope  photographs of t he  s igna l  response obtained over t h e  
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irelocity range s tudied.  The t o t a l  impact charge signal ~ 2 s  n e ~ s i i r e d  f n r  

each impact and a l s o  t h e  quan t i ty  of charge contained i n  each observed 

ion group. These d a t a  are presented i n  t h e  form of graphs and histograms 

fnr each nf the p a r t i c l e  materials s tudied.  

S e c t i o n  4 is  a summary and d i scuss ion  of t he  study with recoiniien- 

d a t i o n s  i n  regard t o  a p o s s i b l e  cometary flyby mission. 
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2.0 REVIEW OF BASIC PRINCIPLES 

The material t o  be presented l a t e r  i n  t h i s  r e p o r t  involves t h e  

l a b o r a t o r y  i n v e s t i g a t i o n  of t h e  impact i on iza t ion  e f f e c t  a t  low impact 

v e l ~ c i t i e s .  The p r h a r y  n h j e c t f v e  of t h e  program w a s  t o  determine t h e  

c a p a b i l i t y  of an instrument using impact i o n i z a t i o n  t o  measure chemical 

composition of cometary d e b r i s  a t  low f l y  by speeds. A b a s i c  review of 

t h e  impact i o n i z a t i o n  e f f e c t  and t h e  techniques employed i n  an impact 

i o n i z a t i o n  t ime-of-fl ight instrument w i l l  be given i n  t h i s  s e c t i o n  p r i o r  

t o  a d i scuss ion  of t he  l abora to ry  r e s u l t s  of t h i s  program. The material 

presented i s  taken i n  p a r t  from a previous r e p o r t  by t h i s  o rgan iza t ion  

under NAS 9-9309. 1 

2 . 1  The Impact I o n i z a t i o n  Model 

2 It w a s  f i r s t  shown experimentally by F r i i c h t e n i c h t  and S l a t t e r y  

t h a t  f r e e  electrical  charge, both p o s i t i v e  and nega t ive ,  i s  produced a t  

t h e  po in t  of  impact of a high v e l o c i t y  pa r t i c l e  on a s o l i d  surface.  

r e c e n t  experiments have shown t h a t  t h e  p o s i t i v e  charge c o n s i s t s  of i ons  of 

both t h e  impacting p a r t i c l e  and t a r g e t  materials and t h a t  t h e  negat ive 

charge carriers are e l e c t r o n s .  

presented i n  Reference 1 above has  demonstrated t h i s  e f f e c t  i n  consider- 

a b l e  d e t a i l  a t  h i g h  impa'ct v e l o c i t i e s .  

More 

The experimental  r e s u l t s  obtained and 

Based upon a d e t a i l e d  a n a l y s i s  of t hese  experiments, a theore- 

t i c a l  model t o  d e s c r i b e  the impact i on iza t ion  e f f e c t  has  been developed. 

I n  t h i s  model. i t  i s  assumed t h a t  a small ,  high-density plasma i n  thermal 

equi l ibr ium i s  formed i n  t h e  immediate v i c i n i t y  of t h e  impact si te.  

plasma expands t o  a c o l l i s i o n l e s s  state i n  a time s h o r t  compared t o  t h e  

c h a r a c t e r i s t i c  recombination time of the i o n s  and e l e c t r o n s .  Thus, 

s h o r t l y  af ter  impact, f r e e  ions  and e l e c t r o n s  are expanding r a d i a l l y  out- 

ward from t h e  impact s i t e  with a v e l o c i t y  d i s t r i b u t i o n  c h a r a c t e r i s t i c  of 

t h e  i n i t i a l  plasma temperature. 

f i e l d ,  t h e  ions  and e l e c t r o n s  can be separated and subsequently analyzed 

by t ime-of-fl ight techniques.  

394  

The 

I n  t h e  presence of a modest e lectr ic  
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2. .1 S\rppcrting Evibesce f c r  the Plasma M d e l  

It should be s t a t e d  t h a t  a d e t a i l e d  knowledge of c r a t e r i n g  and 

energy conversion mechanisms i s  not  required i n  o rde r  t o  apply t h e  impact 

plasma concept t o  the determinat ion of cosmic dus t  composition. Neverthe- 

less, i t  is u s e f u l  t o  review some of t h e  known d e t a i l s  of t h e  impact 

process  i n  o r d e r  t o  show t h a t  t h e  proposed model is compatible w i t h  

them. 

Consider t h e  case of a small p a r t i c l e  impacting a metall ic 

s u r f a c e .  It i s  w e l l  known t h a t  a t  low i m p a c t  v e l o c i t i e s  much of t h e  

k i n e t i c  energy is expended i n  e las t ic  and p l a s t i c  deformation of t h e  

t a r g e t  and i n  t h e  e j e c t i o n  of r e l a t i v e l y  massive fragments of t h e  t a r g e t  

material. A t  h igh impact v e l o c i t i e s ,  however, t h e  energy release i s  

l o c a l i z e d  t o  a r e l a t i v e l y  smaller volume bec.ause t h e  p a r t i c l e  p e n e t r a t e s  

the  materiai with a v e i o c i t y  i a r g e  compared t o  t h e  shock wave v e i o c i t y  

i n  the  medium. This i n t e r f a c e  v e l o c i t y  v may be taken as one-half t h e  

i n i t i a l  p a r t i c l e  v e l o c i t y .  To f i r s t  order ,  t h e  t i m e  r equ i r ed  t o  form 

the  crater i s  given by t h e  r a t i o  of t h e  c r a t e r  depth P t o  t h e  average 

i n t e r f a c e  v e l o c i t y .  

I 

Experiments show t h a t  a more-or-less hemispherical  crater i s  

formed i n  t h e  t a r g e t  w i th  a depth t h a t  is ,  a t  most, s e v e r a l  t i m e s  t h e  

p a r t i c l e  d i a m e t e r  d.  By s e l e c t i n g  high-density,  high-strength t a r g e t  

materials (e .g . ,  tantalum, tungsten)  t h e  r a t i o  P/d can be l i m i t e d  t o  a 

value of t h r e e  o r  f o u r ,  even f o r  very high impact v e l o c i t i e s .  This 

being t h e  c a s e ,  t h e  k i n e t i c  energy per  a t o m  of t h e  impacting p a r t i c l e  

i s  shared wi th  an average of 15 t o  30 target atoms. Now a t  an impact 

v e l o c i t y  of 20 km/s, an i r o n  atom has a k i n e t i c  energy of about 120 e V .  

I f  t h i s  energy i s  shared wi th  a l l  of t h e  e j e c t e d  t a r g e t  atoms, t h e  

average energy p e r  atom i s  between 4 and 8 e V .  

t h i s  niagnitude i s  s u f f i c i e n t  t o  completely vapor i ze  t h e  p a r t i c l e  

m a t e r i a l  and the e j e c t e d  t a r g e t  m a t e r i a l ,  and a l s o  t o  i o n i z e  a sub- 

stantial f r a c t i o n  of f t - ; _ .  7 t n - 7 ~  i:-, the e j e c t e d  -,-"Far c l o u d .  

An average energy of 
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F Q ~  t h e  plasma model t o  he v a l i d ;  it. i s  necessary t h a t  t h e  

conversion of the k i n e t i c  energy of t h e  impacting p a r t i c l e  t o  i n t e r n a l  

ene rgy  of t h e  expanding, Far t ia l ly- ioi i ized vapor cloud occur i n  a 

tirn? ~ h ~ y t _  compared t o  competing met_hn& ~f energy & s ~ r p ~ i ~ ~ ,  such 2s 

p l a s t i c  deformation, heat conduction, e t c .  To show t h a t  t h i s  i s  i n  

f a c t  t h e  c a s e ,  we note t h a t  an order-of-magnitude estimate of the t i m e  

i n t e r v a l  A t  dur ing which energy is deposited i n  the  t a r g e t  can be 

obtained by w r i t i n g  P & vIAt. 

eter i r o n  p a r t i c l e  with v e l o c i t y  v = 20 km/s ( o r  2 x lo6 c m / s )  on a 

reasonably hard metal t a r g e t .  

then P 2 4 x c m  and v 2 v /2  = 10 cm/s, and s o  A t  2 4 x 10 sec. 

It would appear unreasonable t h a t  any of t h e  l i k e l y  competing energy 

abso rp t ion  mechanisms could be e f f e c t i v e  i n  t h i s  small a t i m e  i n t e r v a l .  

Consider an impact of a 10 micron diam- 

I f  t he  c r a t e r  produced has a P/d %-’ 4 ,  
6 -9 

I 

On the o t h e r  hand, t h e  t i m e  A t  i s  a l s o  s h o r t  compared t o  t h e  t i m e  

r equ i r ed  f o r  apprec i ab le  expansion of the vapor cloud, s i n c e  a reasonable  

expansion v e l o c i t y  f o r  such a plasma might be %2 x lo5 c m / s .  During t h e  

t i m e  A t ,  t h e  plasma d e n s i t y  must be very c l o s e  t h a t  of t h e  s o l i d  

material, i n  which case t h e  mean t i m e  between atomic c o l l i s i o n s  is %lo  - -13 

seconds. Because t h e  t i m e  scale f o r  i n t e ra tomic  c o l l i s i o n a l  energy 

exchange is  so s h o r t  compared t o  t h a t  required f o r  expansion of t h e  plasma, 

i t  s e e m s  very reasonable  t o  conceive of t h e  plasma being i n  thermal 

equi l ibr ium. 

If t h e  plasma expansion v e l o c i t y  is  2 x lo5 cm/s, t h e  plasma 
6 d e n s i t y  i s  reduced by a f a c t o r  of 10 per microsecond, with t h e  c o l l i s i o n  

frequency being reduced correspondingly.  This t i m e  scale is  a g a i n  s h o r t  

compared t o  t h a t  acquired f o r  competing energy abso rp t ion  mechanisms. 

Bjork’ has shown t h e o r e t i c a l l y  t h a t  t h e  crater  volume becomes 

p ropor t iona l  t o  t h e  momentum of t h e  impacting p a r t i c l e  a t  high v e l o c i t i e s ,  

This imp l i e s  t h a t  t h e  energy d e n s i t y  of t h e  e j e c t e d  material ( i .e . ,  

average energy pe r  atom) inc reases  l i n e a r l y  wi th  t h e  i m p a c t  v e l o c i t y .  

One might expect  t h a t  t h i s  would r e s u l t  i n  an inc reased  plasma temper- 

a t u r e  a t  h ighe r  impact v e l o c i t i e s ,  and the re  i s  ample experimental  

evidence t h a t  t h i s  is  g e n e r a l l y  t rue .  However, r e c e n t  experiments have 
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shown t h a t  t h e  p a r t i t i o n  of energy i s  such t h a t  a f a i r l y  w i d e  range of 

apparent  plasma temperatures occurs a t  a given impact v e l o c i t y .  Both 

topographical  and phys ica l  c h a r a c t e r i s t i c s  of t h e  s u r f a c e  a t  t h e  impact 

s i t e  probabiy c o n t r i b u t e  t o  t h i s  v a r i a t i o n .  

2.1.2 Consequences of t h e  Model 

For a plasma i n  thermal equi l ibr ium containing s e v e r a l  s p e c i e s  

of atoms, t h e  degree of i o n i z a t i o n  of each s p e c i e s  and t h e  plasma t e m -  

p e r a t u r e  are r e l a t e d  according t o  Saha's equation: 
6 

where 

S 

exp (- E;/kT) 15 *3/2 n n  
e - 2G(2.414) x 10 
n 

- -  
S 
n 

n = t o t a l  number of e l e c t r o n s  p e r  cubic  cent imeter ,  

n 

e 

i 
S 

= number of i ons  of s p e c i e s  s per cubic  cen t ime te r ,  

S n = number of n e u t r a l  atoms of species s p e r  cubic  cent imeter ,  

G = Pi /Pn , where P 

n 

, P F t  are t h e  i n t e r n a l  p a r t i t i o n  i n t  i n t  i n t  
i 

func t ions  of the ions  and atoms, r e s p e c t i v e l y ,  

T = plasma temperature i n  OK, 

EI = i o n i z a t i o n  energy of s p e c i e s  s ,  

k = Boltzmann's constant .  

S 

The Saha equat ion shows t h a t  t h e  f r a c t i o n a l  i o n i z a t i o n  of a given s p e c i e s  

of atom depends on t h e  r a t i o  of t h e  i o n i z a t i o n  energy of t h a t  s p e c i e s  t o  

the mean thermal energy of the plasma. 

a t u r e s ,  on ly  a small f r a c t i o n  of t h e  atoms are ion ized  (except f o r  t hose  

with very l o w  i o n i z a t i o n  p o t e n t i a l s ) .  

i o n i z a t i o n  e f f e c t  t o  r e l i a b l y  determine the r e l a t i v e  abundance of t h e  

elements i n  cosmic d u s t  and meteoroids,  a measure of t h e  plasma temper- 

a t u r e  must be obtained. 

For reasonably low plasma temper- 

Thus, i n  o r d e r  t o  use t h e  impact 
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T.. a d d i t i o n ,  it would at f i r s t  appear t h a t  t h e  number dens i ty  of 

i ons ,  e l e c t r o n s ,  and atoms must  be s p e c i f i e d .  However, from t h e  argument 

given above, t he  plasma expands t o  a c o l l i s i o n l e s s  state i n  a t i m e  s h o r t  

compared t o  t h e  ion-electron r e m m b i ~ ~ t i c n  time. As a ionsequence, c'ne 

t o t a l  numbcr of ions i s  constant  a t  any t i m e  dur ing t h e  expansion p rocess ,  

Since a l l  of t h e  ions  r e g a r c l e s s  of spec ie s  are  e x t r a c t e d  from the  same 

volume, a d i r e c t  measurement of n 

mine t h e  r e l a t i v e  abundance of t h e  d i f f e r e n t  kinds of atoms. 

and Hi are, r e s p e c t i v e l y ,  t he  t o t a l  numbers of e l e c t r o n s ,  atoms, and ions  

i n  t he  plasma, and i f  V i s  tile volume of the plasma a t  any t i m e  p r i o r  t o  

i t s  expansion t o  a c o l l i s i o r . l e s s  s ta te ,  then n = N /V, n: = NZ/V, and e e 
11 = NY/V.  

S S and n is  no t  required t o  de t e r -  

I f  Ne,  N n ,  
S e'  nn' i 

S 

s S Clea r ly ,  ne.:/." can be replaced i n  Equation (1) by NeNi/ 
i r. * "V . 

A v i a b l e  experiment must be configured t o  provide a d i r e c t  measuremen+ 

oi both N? f o r  each s and a l s o  Ne. ( I f  111 N s  are m'easured, Ne can be 
1 1 

b ta ined  from Ne 5c NY , since t h e  t o t a l  number of i ons  and e l e c t r o n s  

&re equal;  however, an independent measurement of N i s  r e a d i l y  obtained 

and s e r v e s  as a u s e f u l  check of t h e  d a t a . )  The q u a n t i t y  of p r i n c i p a l  

i n t e r e s t ,  however, i s  N and t h e  plasma temperature must be s p e c i f i e d  

i n  o rde r  t o  e x t r a c t  t h i s  quan t i ty  from t h e  experimental  da t a .  There 

appear t o  be two methods of experimentally determining t h e  plasma 

temperature,  One method is  the measurement of t h e  width of t h e  i o n  

peaks. The second method c o n s i s t s  of measuring t h e  r a t i o  of t h e  numbers 

of two "control" i o n  s p e c i e s  formed from atoms t h a t  are p r e s e n t  i n  t h e  

p la sma  i n  a known r e l a t i v e  concentrat ion.  

S 
e 

S 
n 

The f i rs t  method depends upon t h e  f a c t  t h a t  t h e  ene rg ie s  of i o n s  

As t h e  i n  an equ i l ib r ium plasma are given by a Boltzmann d i s t r i b u t i o n .  

temperature i s  inc reased ,  t he  mean i o n  energy increases and t h e  spread 

i n  ene rg ie s  becomes l a r g e r .  Thus, a measurement of t h e  width of t h e  

i o n  energy d i s t r i b u t i o n  of any s p e c i e s  of ion would provide a measure of 

* 
V need no t  be determined, since i t  drops out  when ratios are taken, as 
w i l l  be shown s h o r t l y  (Eq. 2 ,  fol lowing page). 
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the  plasm2 t e m p e r a t u r e .  However, t h i s  approact1 would p i ace  extremely 

s t r i n g e n t ,  if no t  impossible,  bandwidth requirements on t h e  e l e c t r o n i c  

analyzing and recording sys t em.  

VL r r r r ^ - J  - - - I - -  rlre DCLUIIU U I ~ L I I V ~  appears t o  be t h e  more promising approach. 

There are a t  least  two ways i n  which t h e  two c o n t r o l  i o n  s p e c i e s  may 

be  introduced i n t o  t h e  plasma. 

l a y e r s  of t h e  des i r ed  elements on t h e  t a r g e t  su r f ace .  

using a t a r g e t  w i th  t h e  two elements "mixed" homogeneously throughout.  

The l a t te r  could conceivably be accomplished w i t h  an a l l o y  type  material, 

bu t  a b e t t e r  approach appears t o  be the use of a material i n  which t h e  

two elements e x i s t  i n  molecular form and the re fo re  i n  a known s t o i c h i o -  

metric r a t i o .  

One i s  through t h e  u s e  of t h i n  f i l m  

The second i s  by 

For purposes of d i scuss ion ,  consider  t h e  case where t h e  two 

elements w i l l  be introduced i n t o  t h e  plasma by t h e  vapor d e p o s i t i o n  of  

t h i n  f i l m s  of t h e  two elements onto the  t a r g e t  s u r f a c e .  

t h i ckness  of t h e  two f i l m s  must be  small compared t o  t h e  expected crater 

depth.  

mixed w i t h i n  t h e  plasma w i t h  atoms from the  impacting p a r t i c l e .  

from t h e  t a r g e t  bulk material are a l s o  included w i t h i n  t h e  plasma; 

The combined 

Under t h e s e  cond i t ions ,  atoms from t h e  two f i l m s  become i n t i m a t e l y  

(Atoms 

iiowever, they w i l l  no t  be used i n  t h e  d e t a i l e d  a n a l y s i s  of t h e  d a t a ,  

clnd t h e  only requirement placed on t h e  bulk t a r g e t  material is  t h a t  i t  

confine energy release t o  a small volume.) Given t h e  f i l m  th i cknesses ,  

:he number o f  both kinds of atomsper u n i t  a r ea  of t h e  impact s u r f a c e  i s  

s p e c i f i e d .  

t he  r e l a t i v e  number of t he  two d i f f e r e n t  kinds of atoms introduced i n t o  

the  plasma volume is  known independently of t h e  crater volume. 

t he  Saha equa t ion  ho lds  for the ion-to-neutral  r a t i o  of both k inds  of 

atoms. 

and (2 )  and d i v i d i n g  t h e  Saha equat ion f o r  one s p e c i e s  by t h e  Saha 

equat ion f o r  t h e  o t h e r  y i e l d s  

For c r a t e r  diameters  l a r g e  compared t o  t h e  f i l m  t h i c k n e s s ,  

Now, 

Denoting t h e  two types of c o n t r o l  atoms by s u p e r s c r i p t s  (1)  
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where k i s  a known cons tan t .  

case,  t h e  r a t i o  Nn (1)/Ni2) = k2 is  approximately the  r e l a t i v e  concent ra t ion  

of t h e  two kinds of atoms i n  t h e  t h i n  f i lms,  which is  known. Now assume 

(2 )  j EI( l ) .  we can w r i t e  t h a t  t he  elements have been chosen such t h a t  E 

E:’) m Ei2)  + AEI. S u b s t i t u t i o n  i n t o  (2) y i e l d s  

For N: > Ns which is almost always the  1 i’ 

I 

f ram which 

With t h e  temperature thus s p e c i f i e d ,  t he  procedure can be reversed  t o  

y i e l d  t h e  r e l a t i v e  abundance of a l l  of t h e  elements contained i n  t h e  

impacting cosmic d u s t  p a r t i c l e .  

The choice of appropr i a t e  materials t o  be used f o r  t h e  t h i n  f i lms  

depends upon several f a c t o r s :  

(1) The i o n i z a t i o n  p o t e n t i a l s  of t h e  two elements must d i f f e r  

by two o r  t h r e e  e l e c t r o n  v o l t s  i n  o rde r  t o  o b t a i n  a sub- 

s t a n t i a l  change i n  t h e  r a t i o  N ;l)/Nj2) as t h e  plasma tem-  
pe ra tu re  v a r i e s .  
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ion1 t i o n  p o t e n t i a l s  must be low enough t o  ensure a 

s u f f i c i e n t  degree of i o n i z a t i o n  t o  o b t a i n  d e t e c t a b l e  

s i g n a l s .  

uIaDa 
/ 3 \  rnL- --I- -c 4-1.- -e--- 
\>, L L L c  a L w m  should l ie outside or' che mass range 

of elements expected from t h e  cosmic d u s t  p a r t i c l e s .  

The f i lms  must be s t a b l e  when exposed t o  t h e  space  environ- 

ment and t h e  materials must be compatible wi th  uniform vapor 

depos i t i on .  

( 4 )  

2.2 Experiment Implementation 

For f l i g h t  a p p l i c a t i o n s ,  time-of-flight (TOF) i o n  mass a n a l y s i s  is 
the  most s t r a igh t fo rward  technique f o r  a c q u i s i t i o n  of t h e  d e s i r e d  da t a .  

This approach has been u t i l i z e d  f o r  l abora to ry  experiments as w e l l .  A 

s k e t c h  of  a s i m p l i f i e d  l abora to ry  TOF analyzer  is shown i n  F igure  2-1. 

I n  t h i s  instrument ,  t h e  impact s u r f a c e  is maintained a t  a p o s i t i v e  

p o t e n t i a l  VA w i t &  r e s p e c t  t o  its surroundings.  A grounded a c c e l e r a t o r  

g r i d  is placed p a r a l l e l  t o  t he  impact s u r f a c e  a t  a s e p a r a t i o n  d i s t a n c e  

L1, and a n  i o n  c o l l e c t o r  is l oca t ed  a d i s t a n c e  L2 from t h e  g r i d .  

Upon impacting t h e  t a r g e t  s u r f a c e ,  a high v e l o c i t y  p a r t i c l e  

produces an impact plasma which immediately begins t o  expand. 

plasma approaches the c o l l i s i o n l e s s  s t a t e ,  t h e  ions  and e l e c t r o n s  sep- 

arate  due t o  t h e  e l e c t r i c  f i e l d  between the p r i i  and t h e  impact p l a t e .  

As t h e  

The e l e c t r o n s  are re tu rned  t o  t h e  impact plate ,  wh i l e  t h e  ions  are 

a c c e l e r a t e d  toward t h e  g r i d .  When they reach t h e  g r i d  plane t h e  i o n s  

have a v e l o c i t y  g iven  by 

1 / 2  
v = ($ "*) (5) 

where e / p  is t h e  charge-to-mass r a t i o  of the ions .  The r e g i o n  between 

t h e  g r i d  and t h e  i o n  c o l l e c t o r  i s  f i e ld - f r ee ,  and t h e  i o n s  d r i f t  to t h e  

i o n  c o l l e c t o r  a t  cons t an t  v e l o c i t y .  Neglecting any i n i t i a l  v e l o c i t y  of 

t h e  i o n s  and assuming t h a t  t he  plasma is small compared t o  t h e  grid-to- 

t a r g e t  s e p a r a t i o n ,  t h e  t i m e  T r equ i r ed  f o r  t h e  i o n s  t o  t r a v e r s e  t h e  

d i s t a n c e  from t h e  impact p l a t e  t o  t h e  c o l l e c t o r  is  
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RT I 
A 

1 
I, - - 

b 
TO "EXT" TO DISPLAY 

b OSCILLOSCOPE 4 

I Figure 2-1. Sketch of a Simplif ied T i m e  of  F l i g h t  Analyzer. P a r t i c l e s  
I pass through a c c e l e r a t o r  g r id  and s t r i k e  i m p a c t  p l a t e ,  form- 
I 
l i n g  a microplasma a t  t h e  i m p a c t  s i t e  containing ions  of t h e  
, p a r t i c l e  (and impact p l a t e )  material. P o s i t i v e  e x t r a c t i o n  

p o t e n t i a l  app l i ed  t o  p l a t e  a c c e l e r a t e s  i o n s  from plasma toward 
g r i d  and r e t u r n s  e l e c t r o n s  to p l a t e .  Departing ions  produce 
t a r g e t  s i g n a l  which s ta r t s  scope sweep. Ions,  passing through 
a c c e l e r a t o r  g r i d  d r i f t  i n  f i e l d - f r e e  region t o  i o n  c o l l e c t o r ,  
a r r i v i n g  t h e r e  i n  a t i m e  dependent on t h e i r  charge-to-mass 
r a t i o .  P o s i t i v e  i o n  charge a t  c o l l e c t o r  is  amplif ied and 
displayed on scope. 

TRIGGER 
b 
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Thus, a measurement of the  t rans i t - t ime of an  ion group uniquely de f ines  

the  charge-to-mass r a t i o  of i ons  i n  the group. Assuming s i n g l y  ion ized  

atoms (which is much more l i k e l y  t h a t  multiply-ionized atoms because of 

the  r e l a t i v e l y  low plasma temperatures involved) ,  t h e  i o n  TOF measurement 

d e f i n e s  t h e  atomic mass and hence i d e n t i f i e s  t h e  element. I t  should be  

noted t h a t  t h e  presence of t he  two con t ro l  elements used t o  determine t h e  

p lasma temperature  i n  the  f l i g h t  experiment a l s o  provides  a c a l i b r a t i o n  

of t h e  i o n  TOF range, s i n c e  these  two i o n  groups always appear .  The 

number of i o n s  o f  each element i n  the  impacting p a r t i c l e  (p lus  those  

from t h e  vapor-deposited films and the t a r g e t  material) can be determined 

by i n t e g r a t i o n  o f  t h e  ion cur ren t  a r r i v i n g  a t  t h e  c o l l e c t o r .  

The most convenient and s a t i s f a c t o r y  method of acqui r ing  t h e  

des i r ed  d a t a  i n  t h e  labora tory  i s  t h e  photographic record ing  of an  

o s c i l l o s c o p e  d isp lay .  Figure 2-1 a l s o  shows how such a d i sp lay  is  

produced. 

co inc ides  w i t h  t h e  t i m e  of impact of t h e  p a r t i c l e  on the  s u r f a c e ,  and 

thus t h e  e l e c t r o n  pu l se  a t  t h e  t a r g e t  p r o v i d e s  a ‘ s t a r t ”  pu l se  i o r  t h e  

i m  TOF measurement. The e l e c t r o n  current  f l o w  through R develops a 

vo l t age  p u l s e  t o  s t a r t  the  sweep of  t h e  recording osc i l l o scope .  

ampl i f ied  s i g n a l  from t h e  ion  c o l l e c t o r  i s  d isp layed  on t h e  osc i l l o scope  

The c o l l e c t i o n  of e l ec t rons  a t  t h e  impact p l a t e  e s s e n t i a l l y  

T 
The 

trace; t h e r e  the i o n  c o l l e c t o r  ampl i f i e r  can be  e i t h e r  cur ren t -  o r  

charge-sensi t ive.  I n  the cu r ren t - sens i t i ve  mode, one observes  a series 

of peaks of varying amplitudes and t i m e  l o c a t i o n s  corresponding to i o n s  

.)f d i f f e r e n t  elements.  I n  t h e  charge-sensi t ive ( i n t e g r a t e d )  mode, the 

s i g n a l  i nc reases  i n  s t e p s  t o  i t s  maximum value  and then  decays wi th  some 

long t i m e  cons tan t .  The l ead ing  edge of each of t h e  s t e p s  s p e c i f i e s  t h e  

a r r i v a l  t i m e  of an  i o n  group and t h e  ampli tude of each s t e p  g ives  the 

t o t a l  charge a s soc ia t ed  wi th  t h a t  p a r t i c u l a r  i o n  group. 
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Equation (6)  nhms th=t the total ~ C Z  t r g ~ ~ i t  tiEe for 8 

919 in propor t iona l  to  (2Li +- Li)/VA1’23 which can be rewritten an 

L~/V;’: where 5 = 2L1 + Lz. (It is assumed t h a t  L >> L1.) From 

t h i s  i t  appears  t h a t  T can be ad jus t ed  t o  any convenient va lue  by 

a d j u s t i n g  the aCCelet&ting P o t e n t i a l  and t h e  t o t a l  f l i g h t  pa th  length .  

Hmever, there exists a P r a c t i c a l  lower l i m i t  t o  t h e  a c c e l e r a t i n g  

p o t e n t i a l  due t o  t h e  fact t h a t  t he  ions  possess  f i n i t e  thermal ene rg ie s .  

This a f f e c t s  both t h e  r a d i a l  expansion of t h e  a c c e l e r a t e d  ions and t h e  

ion t r a n s i t  time. 
more than a few e l e c t r o n  v o l t s ,  t h e  energy d i s t r i b u t i o n  curve  is suf -  

f i c i e n t l y  wide so t h a t  some ions  wi th  energies  of a few t e n s  of e l e c t r o n  

v o l t s  are o f t e n  observed. 

2 

Although the  mean thermal energy may correspond t o  no 

I n  order  t o  ob ta in  some f e e l i n g  f o r  s u i t a b l e  va lues  of L 

l e t  us assume t h a t  t he  thermal ion  energies  range from zero t o  En and 

t h a t  t h e  corresponding v e l o c i t y  vec to r s  a r e  randomly o r i e n t e d .  

i n i t i a l  energy can be expressed i n  t e r n  of a n  equiva len t  a c c e l e r a t i n g  

p o t e n t i a l  V, which would impart  t o  t he  Ion a f i n a l  energy of E . 
examine t h e  r a d i a l  expansion of t h e  acce le ra t ed  ions.  

occurs  when the  i n i t i a l  ve loc i ty  v e c t o r  is  perpendicular  t o  the  d i r e c t i o n  

of the  app l i ed  e l e c t r i c  f i e l d .  

v = (2e Vo/p)1’2. The ve loc i ty  component due t o  the  appl ied  e l e c t r i c  

f i e l d  is parallel t o  t h e  f i e l d  and is given by Equation (5). 

between t h e  r e s u l t a n t  ve loc i ty  vec to r  and t h e  e l e c t r i c  f i e l d  vec to r  i s  

given by 

and VA, T 
- 
The 

F i r s t  
0 

The worst case  

This  y i e l d s  a normal v e l o c i t y  component 

n 
The ang le  

In  o rde r  to  ensure complete ion  c o l l e c t i o n ,  t he  i o n  c o l l e c t o r  r a d i u s  

must s a t i s f y  

Thus, f o r  Vo = 30 v o l t s ,  

a t  least 10 cent imeters .  

(8) 

VA = 3000 v o l t s ,  and $ =.l  meter, RC must be 



27207-6001-TU-b0 

Page 1 4  

The range of i n i t i a l  v e l o c i t y  components p a r a l l e l  t o  t h e  electric 

f i e l d  l i n e s  causes  a broadening of  each ion peak and a f f e c t s  t h e  u l t i m a t e  

sass r e s o l u t i o n  of t h e  TOF mass spectrometer.  L e t  us a r b i t r a r i l y  assume 

t h a t  w e  would l i k e  t o  j u s t  r e so lve  atomic mass number 60 (n i cke l )  from 

mass number 56 ( i ron ) .  The worst  case occurs f o r  a n i c k e l  i on  wi th  

maximum i n i t i a l  energy and an i r o n  i o n  with zero i n i t i a l  energy. 

Requiring t h a t  t he  t r a n s i t  t i m e  of t h e s e  two i ons  be equal  ensures  

complete r e s o l u t i o n  of t h e  i r o n  and n i c k e l  peaks, because less e n e r g e t i c  

n i c k e l  i ons  r e q u i r e  a longer t r a n s i t  t i m e .  This requirement gives:  

from which i t  follows t h a t  

Assuming as be fo re  t h a t  V = 30 v o l t s ,  V need be only 420 v o l t s  which 

is  less than the  value required t o  l i m i t  excessive r a d i a l  expansion of 

the acce le ra t ed  ions.  Thus, i n  p r a c t i c e ,  f i x i n g  V t o  minimize ' the 

expansion problem w i l l  more than s a t i s f y  the mass r e s o l u t i o n  consider- 

a t i o n s  a r i s i n g  from t h e  nonzero i n i t i a l  t h e r m a l  ene rg ie s .  

0 A 

A 
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3 0 LABORATORY INVESTIGATION OF IMPACT IONIZATION 

3. i Program Object ives  

A v a r i e t y  of previous impact experiments have been conducted which 

show the  unique c a p a b i l i t y  of an impact i on iza t ion  t ime-of-fl ight i n s t r u -  

ment t o  perform i n  s i t u  chemical composition a n a l y s i s  on an impacting 

cosmic dus t  p a r t i c l e .  

l i m i t e d  t o  v e l o c i t i e s  above 1 0  km/sec where t h e  major i n t e r e s t  has 

been i n  t h e  a n a l y s i s  of t h e  micrometeoroid environment. Recent considera- 

t i o n  of p o s s i b l e  cometary rendezvous missions a t  f lyby  speeds below 1 0  

lan/sec has prompted t h e  p re sen t  s tudy.  

To a l a r g e  ex ten t  t h e  previous work has  been 

The s p e c i f i c  o b j e c t i v e  of t he  present  program w a s  t o  perform 

ana lyses  of impact i o n i z a t i o n  plasmas i n  the  1 t o  8 km/sec range. 

w a s  accomplished i n  a l abora to ry  t ime-of-f l ight  arrangement which will 
D e  aeecri5ed iii the fcllcwirig subsections. Spec i f i c  i n t e r e s t  i n  t h e  

ana lyses  would be i n  determining t h e  usefulness  of t he  technique i n  

mic ropa r t i c l e  d e t e c t i o n  and chemical c h a r a c t e r i z a t i o n  i f  used i n  a low 

v e l o c i t y  cometary f lyby  app l i ca t ion .  

This  

. .  

3.2 The Experimental F a c i l i t y  

The impact i o n i z a t i o n  experiments conducted under t h e  p re sen t  

program were accomplished a t  TRW using the TRW Mic ropa r t i c l e  F a c i l i t y .  

A genera l  d e s c r i t i o n  of t h e  systems and the  experimental  arrangement 

used w i l l  be  given t o  provide a b e t t e r  understanding as t o  t h e  na tu re  

of t h e  experiments performed. A knowledge of t h e  experimental  configura- 

t i o n  is e s s e n t i a l  f o r  ease of i n t e r p r e t a t i o n  of t h e  d a t a  presented.  

3.2.1 The Mic ropa r t i c l e  Acce lera tor  and Associated Apparatus 

The block diagram i n  Figure 3-1 shows t h e  m i c r o p a r t i c l e  a c c e l e r a t o r  

and t h e  va r ious  subsystems necssary f o r  the  impact i o n i z a t i o n  tests. 

t h e  l e f t  i n  t he  Figure may be seen t h e  mic ropa r t i c l e  a c c e l e r a t o r  i n  

block form. 

i n  which t h e  experiments were conducted. 

w i l l  be  descr ibed later.  

chamber con ta ins  t h e  va r ious  mic ropa r t i c l e  beam d e t e c t i o n  appara tus  and 

p a r t i c l e  s o r t i n g  equipment. 

To 

To t h e  r i g h t  is  ind ica t ed  the t ime-of-f l ight  (TOF) chamber 

The d e t a i l s  of t h e  TOF chamber 

The reg ion  between t h e  a c c e l e r a t o r  and t h e  TOF 



27207-6001-TU-00 
Page 16 

Y oi ni3a NOlllSOd 

le- A l M S S V  13N9VW I 

wnnwA 01 

rn 
al 

E-c 
a 
G 
(d 

d 
I 

m 



27207-6001-TU-00 

Page 1 7  

 he p a r t i c l e  acceler~tor is 1 t r ~ n  z i l l i o n  volt Van de Graaff 

gene ra to r  i n  which t h e  high v o l t a g e  terminal has  been modified t o  accept 

m i c r o p a r t i c l e  charging and i n j e c t i o n  equipment .' 
i s  capable  of charging and a c c e l e r a t i n g  a v a r i e t y  of micron s i z e  range 

materials t o  high v e l o c i t i e s .  

is  dependent upon t h e  s i z e  of t h e  p a r t i c u l a r  p a r t i c l e ,  t h e  material used, 

and t h e  a c c e l e r a t i n g  p o t e n t i a l .  

below one ki lometer  pe r  second f o r  a l l m a t e r i a l s .  

l i m i t  is,  f o r  p r a c t i c a l  purposes,  dependent upon t h e  s e n s i t i v i t y  of t h e  

e l e c t r o n i c s  used f o r  p a r t i c l e  de t ec t ion .  For carbonyl i r o n  p a r t i c l e s  

t h e  maximum d e t e c t a b l e  v e l o c i t y  i s  above 50 km/sec; f o r  lower d e n s i t y  

materials t h e  m a x i m u m  d e t e c t a b l e  v e l o c i t y  may exceed 100 km/sec. The 

p a r t i c l e  beam from t h e  a c c e l e r a t o r  is  e l e c t r o n i c a l l y  ga t eab le  and may be 

set t o  produce a s i n g l e  output  p a r t i c l e  o r  a f l u x  of several hundred 

p a r t i c l e s  pes  second. 

The modified a c c e l e r a t o r  

The f i n a l  p a r t i c l e  e x i t  v e l o c i t y  obtained 

Par t ic le  v e l o c i t i e s  range down t o  w e l l  

The upper v e l o c i t y  

Par t ic les  e x i t i n g  from t h e  a c c e l e r a t o r  f i r s t  pas s  through a magnet 

assembly where ions ,  which may have been produced by t h e  charging p rocess ,  

are removed. 

l o c a t i n g  t h e  p a r t i c l e  "beam" a x i s  i n  order  t o  a l i g n  t h e  system. 

p a r t i c l e s  next  pass  through two d e t e c t o r s  spaced a p a r t  a c a r e f u l l y -  

measured d i s t a n c e ,  from which t h e  t r a n s i t  t i m e  over t h i s  d i s t a n c e  may b e  

measured. t h e  t i m e  s e p a r a t i o n  of t h e  two d e t e c t o r  s i g n a l s  is analyzed 

by a TRW Systems Model 3212PV2 Time I n t e r v a l  S e l e c t o r  and Dual P ropor t iona l  

Delay Generator.' This u n i t  has two p r i n c i p a l  funct ions:  F i r s t ,  i t  

provides an output  p u l s e  t o  a p a r t i c l e  d e f l e c t o r  when the  measured t r a n s i t  

t i m e  f a l l s  w i t h i n  t h e  bounds of some predetermined t i m e  i n t e r v a l .  Normally, 

with no s i g n a l  app l i ed  t o  t h e  inpu t  of the p a r t i c l e  d e f l e c t o r  high vo l t age  

e l e c t r o n i c s ,  a l l  par t ic les  are d e f l e c t e d  by a b i a s  v o l t a g e  on a p a i r  of 

d e f l e c t o r  p l a t e s  and are n o t  allowed t o  continue downstream toward the 

experimental  area. 

b i a s  vo l t age  f o r  a t i m e  j u s t  s u f f i c i e n t  t o  a l l ow t h e  s e l e c t e d  p a r t i c l e  t o  

p a s s .  The s e l e c t e d  p a r t i c l e  cont inues downstream through a s e n s i t i v e  

charge detector"  and i n t o  the  experimental chamber. Second, t h e  T i m e  

I n t e r v a l  S e l e c t o r  con ta ins  p ropor t iona l  delay g e n e r a t o r s  which produce 

two t r i g g e r  pu l se s  a t  a d j u s t a b l e  mult iples  of t h e  a c t u a l  measured t r a n s i t  

A p a r t i c l e  p o s i t i o n  de tec to r8  then provides  a means f o r  

The 

A s i g n a l  from t h e  Time I n t e r v a l  S e l e c t o r  removes t h e  



27207-6001-TU-00 

' Page 18 

The Time I n t e r v a l  Se lec to r  together with the p a r t i c l e  d e f l e c t o r  and 

a s soc ia t ed  e l e c t r o n i c s  comprise a p a r t i c l e  s o r t i n g  system which e f f e c t i v e l y  

monitors t h e  e x i t  beam from t h e  acce le ra to r  and removes a l l  p a r t i c l e s  with 

v e l o c i t i e s  which l i e  e u t s i d e  t h e  des i r ed  range. Altkgu8h not shown i n  t h e  

Figure,  t h e  p a r t i c l e  8 e h c t i o n  system a l s o  c a n f a h a  window d i sc r imina to r s  

t o  permit t h e  c o n t r o l  of p a r t i c l e  charge,  

and v e l o c i t y  i n  e f f e c t  con t ro l s  t h e  p a r t i c l e  mass f o r  a given a c c e l e r a t o r  

p o t e n t i a l  and partiele material. 

Central. of both p a r t i c i e  charge 

P a r t i c l e s  which havo the desired parameters are permitted t o  pas s  

through t h e  p a r t i c l e  charge d e t e c t o r  and i n t o  t h e  t ime-of-fl ight chamber 

where they c o l l i d e  with t h e  t a r g e t  plate a t  the downstream end of t h e  

chamber. 

t h e  t a r g e t  and a l s o  f o r  t h a t  a r r i v i n g  a t  the  upstream end of t h e  chamber. 

Output s i g n a l s  from t h e  p a r t i c l e  d e t e c t o r ,  t a r g e t  e l e c t r o n i c s ,  and co l l ec -  

t o r  assemblies are displayed on a dual beam osci l loscope.  

d i sp l ay  i s  normally recorded photographically f o r  later measurement and 

a n a l y s i s  of t h e  s i g n a l s  produced by each ind iv idua l  p a r t i c l e  impact. A 

more d e t a i l e d  d e s c r i p t i o n  of t h e  TOF chamber i s  given i n  a subsequent 

sect ion. 

E l e c t r o n i c s  are a v a i l a b l e  f o r  monitoring t h e  charge which leaves 

The osc i l l o scope  

3.2.2 Mic ropa r t i c l e  Linear Accelerator 

Some of t h e  d a t a  acquired under t h i s  program u t i l i z e d  t h e  Micro- 

p a r t i c l e  Linear  Accelerator" a v a i l a b l e  a t  t h e  TRW Micropa r t i c l e  F a c i l i t y .  

The experimental  arrangement using t h e  l i n e a r  a c c e l e r a t o r  i s  n o t  shown 

s e p a r a t e l y  i n  t h e  f i g u r e .  To u t i l i z e  t h e  l i n e a r  a c c e l e r a t o r  i n  impact 

experiments, t h e  system shown i n  Figure 3-1 i s  broken a t  t h e  p o i n t  marked 
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X, and t h e  p r t i c l e  charge de t ec to r  and t ime-of-f i ight  chamber I s  poaf- 

t ioned  a t  t h e  output  end of t h e  o s c i l l a t o r .  

and o s c i l l o s c o p e  sweep t r i g g e r s  a r e  ava i l ab le  a s  a p a r t  of t he  l i n e a r  

a c c e i t i a t o r  systeiii. The overall s y ~ t n m  &crlcs ir? a m_anncr s i m i l a r  t o  t h a t  

descr ibed above wi th  t h e  except ion t h z t  t he  l i n e a r  a c c e l e r a t o r  ope ra t e s  

a t  a reduced rate of about one p a r t i c l e  per minute maximum. 

a c c e l e r a t i n g  p o t e n t i a l  used f o r  th is  program w a s  approximately s i x  m i l -  

l i o n  v o l t s .  A t  t h i s  a c c e l e r a t i n g  p o t e n t i a l  and a t  t h e  same v e l o c i t y ,  

t h e  p a r t i c l e  mass would normally be about 60 times t h e  p a r t i c l e  mass 

a v a i l a b l e  from t h e  Van de Graaff a c c e l e r a t o r  a t  1.5 m i l l i o n  v o l t s .  Some 

of t h e  work performed on t h i s  program u t i l i z e d  t h e  l i n e a r  a c c e l e r a t o r  t o  

o b t a i n  l a r g e r  mass p a r t i c l e s  which permit ted a check on p o s s i b l e  mass 

e f f e c t s  i n  t h e  impact i o n i z a t i o n  process .  

I 

Veloci ty  s e l e c t i o n  equipment 

The n e t  

3.2.2.1 Experimental Configurat ion 

Figure 3-2 i s  a more d e t a i l e d  block diagram of t h e  experimental  

arrangement used f o r  t h e  c o l l e c t i o n  of impact i o n i z a t i o n  d a t a  us ing  t h e  

m i c r o p a r t i c l e  a c c e l e r a t o r .  I n  t h i s  Figure t h e  TOF chamber i s  shown i n  

bold o u t l i n e  connected t o  t h e  mic ropa r t i c l e  a c c e l e r a t o r .  The t a r g e t  

assembly and c o l l e c t o r  assembly may be seen i n  schematic form a t  t h e i r  

r e s p e c t i v e  l o c a t i o n s .  

The enc losure  f o r  t h e  t a r g e t  and c o l l e c t o r  assemblies  i s  a cy l in -  

d r i c a l  vacuum tank about 46 cent imeters  i n  diameter  and 125 cent imeters  

i n  length .  The t a r g e t  assembly c o n s i s t s  of a c y l i n d r i c a l  metal enc losure  

which a c t s  as a s h i e l d  t o  prevent  s t r a y  e l e c t r i c  f i e l d s  from e n t e r i n g  t h e  

TOF range. The s i d e  of t h e  enc losure  nea res t  t h e  c e n t e r  of t h e  chamber 

i s  gridded t o  permit p a r t i c l e s  t o  e n t e r  and ions  t o  leave from t h e  t a r g e t .  

The impact t a r g e t  p l a t e  i s  mounted approximately one cent imeter  from t h e  

enc losure  g r i d  and is  biased a t  +3000 v o l t s .  The r e s u l t i n g  electric 

f i e l d  of 3000 v o l t s  p e r  cent imeter  extracts ions  from t h e  v i c i n i t y  of a 

p a r t i c l e  impact and a c c e l e r a t e s  them i n  a d i r e c t i o n  para l le l  t o  t h e  a x i s  

of t h e  tank.  Hermetically sea l ed  cab le  bulkhead connectors  provide means 

f o r  in t roducing  t h e  t a r g e t  b a i s  vo l t age  and e x t r a c t i n g  the  impact s i g n a l  

from t h e  t a r g e t .  
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The ion  c o i i e c t o r  assembly is positioxied on the a i s  of ths tank 

approximateiy one meter f r m  t h e  t a r g e t  assembly. ?he i n n  c o l l e c t o r  

assembly u s e s  two q u i t e  d i f f e r e n t  techniques f o r  d e t e c t i o n  of charge 

a r r i v i n g  from t h e  t a r g e t .  

d i s c  mounted wi th in  a c y l i n d r i c a l  metal  enc losure  f o r  c o l l e c t i o n  of 

a r r i v i n g  ions .  

is formed from a high t ransmiss ion  g r i d  (%95%) t o  p e r m i t  i ons  t o  pas s  

through t o  t h e  c o l l e c t o r  p l a t e .  

app l i ed  t o  t h e  c o l l e c t o r  p l a t e  t o  r e t a i n  any secondary e l e c t r o n s  which 

may be produced by i o n  impact. 

p l a t e  i s  brought ou t s ide  t h e  tank,  again through a he rme t i ca l ly  sea led  

cab le  connector ,  t o  t h e  c o l l e c t o r  ampl i f ie r .  

charge sensi t ive o r  cu r ren t  s e n s i t i v e .  I n  t h e  charge s e n s i t i v e  mode, 

t h e  a r r i v i n g  cu r ren t  is  i n t e g r a t e d  and the  output  s i g n a l  w i l l  be stair- 

case- l ike  i n  appearance wi th  each s t e p  corresponding t o  t h e  charge 

c o l l e c t e d  i n  a p a r t i c u l a r  mass group. I f  t h e  output  is  cu r ren t  s e n s i t i v e ,  

then t h e  s i g n a l  w i l l  appear as a s e r i e s  of sp ikes  of vary ing  amplitudes 

which correspond t o  the  time h i s t o r y  of a r r i v i n g  ion  cu r ren t .  

The f i r s t  method uses  a 20 cent imeter  diameter 

The s i d e  of t he  enclosure n e a r e s t  t h e  c e n t e r  of t h e  tank  

A b i a s  v o l t a g e  of +80 v o l t s  w a s  normally 

The s igna l  generated on t h e  c o l l e c t o r  

The a m p l i f i e r  may be e i t h e r  

The second means of i o n  de tec t ion  is  a much more s e n s i t i v e  one 

and w i l l  i n  e f f e c t  permit s i n g l e  ions  to be counted i f  t h i s  is des i r ed .  

The s e n s i t i v e  i o n  d e t e c t o r  assembly may be seen t o  the  r i g h t  of t h e  

c o l l e c t o r  assmebly i n  Figure 3-2 and is  shown i n  g r e a t e r  d e t a i l  i n  Figure 

3-3. The i o n  d e t e c t o r  shown employs techniques which: (1) converts  t h e  

ion  t o  be de t ec t ed  t o  one o r  more secondary e l e c t r o n s ;  (2) adds energy 

t o  t h e  secondary e l e c t r o n s ;  (3) converts a po r t ion  of t h e  e l e c t r o n  energy 

i n t o  photons by impacting an appropr ia te  s c i n t i l l a t o r  material; and 

(4) d e t e c t s  t h e  photons generated wi th  a low n o i s e  photomul t ip l ie r  (PMT). 

An opera t iona l  d e s c r i p t i o n  of t h e  u n i t  fol lows:  Some of t h e  ions  

a r r i v i n g  a t  t h e  c o l l e c t o r  p l a t e  a r e  permit ted t o  pas s  through a 2.5 

cent imeter  diameter  ho le  i n  t h e  cen te r ,  

opening a t  t h e  back of t h e  c o l l e c t o r  p l a t e  assembly, t h e  p o s i t i v e  3000 

v o l t  i ons  are acce le ra t ed  through an add i t iona l  9000 v o l t s  and f i n a l l y  

s t r i k e  a venet ion  b l i n d  f i x t u r e  where secondary e l e c t r o n s  may be pro- 

duced. When emit ted from t h e  vene t ian  b l i n d  su r face ,  t h e  e l e c t r o n s  are 

i n  an e l e c t r i c  f i e l d  which d i r e c t s  and a c c e l e r a t e s  them toward a f i v e  

Af t e r  emerging from t h e  gridded 
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I i nch  diameter c y l i n d r i c a l  s c i n t i l l a t o r .  The su r face  of t h e  s c i n t i l l a t o r  

is covered with a 1000 A vacuum deposited aluminum f i l m  which se rves  as 

an anode f o r  t h e  e l e c t r o n s  and a l s o  prevents l i g h t  from e n t e r i n g  o r  

l eav ing  from tile Scintillator. Tha thin a l u r n i r ? ~ ~  f i l m  wrrs nnrmrrlly 

biased t o  +5000 v o l t s  thereby causing the e l e c t r o n s  t o  impact t h e  s u r f a c e  

with an energy of 14,000 e l ec t ron -vo l t s .  The range of t h e  e l e c t r o n  i s  

s u f f i c i e n t  t o  p e r m i t  them t o  pass  through t h e  aluminum f i l m  and t o  gen- 

erate photons wi th in  t h e  s c i n t i l l a t o r .  

through a l i g h t  pipe t o  t h e  photocathode of a PMT as shown. 

PMT anode s i g n a l  i s  buffered with an ampl i f i e r  and presented t o  one of 

t h e  vertical  a m p l i f i e r s  of t h e  osc i l l o scope  f o r  d i s p l a y .  

I 0 

The photons produced are conducted 

The r e s u l t a n t  

I 

I t h e  c o l l e c t o r  p l a t e ,  t h e  output  s i g n a l  may be a c u r r e n t  waveform pro- 

Again, as with 
I 

p o r t i o n a l  t o  t h e  i n c i d e n t  i on  c u r r e n t  f o r  a p a r t i c u l a r  mass spec ie s  o r  

t h e  ou tpu t  c u r r e n t  may be i n t e g r a t e d  on a c a p a c i t o r  thereby pe rmi t t i ng  

rclatit-e charge ~easurarents to b e  made. 

Operat ional ly ,  t h e  sequence of events begins when a p a r t i c l e  

e x i t i n g  from t h e  a c c e l e r a t o r  i s  found, by t h e  T i m e  I n t e r v a l  S e l e c t o r ,  

t o  have a t rans i t  time wi th in  t h e  preselected t r a n s i t  time boundaries. 

This event  causes t h e  b i a s  vo l t age  on the  p a r t i c l e  d e f l e c t o r  t o  be 

removed thereby allowing t h e  s e l e c t e d  pa r t i c l e  t o  e n t e r  t h e  experimental  

area. 

shown schematical ly  i n  Figure 3-2, t h e  P ropor t iona l  Delay Generator pro- 

duces an ou tpu t  pu l se  which i n i t i a t e s  an o s c i l l o s c o p e  sweep thereby d i s -  

playing t h e  s i g n a l  amplitude and t r a n s i t  t i m e  information produced by 

t h e  p a r t i c l e  as it  passes through t h e  de t ec to r .  The displayed d e t e c t o r  

s i g n a l  permits  t h e  p a r t i c l e  v e l o c i t y ,  mass, and r a d i u s  t o  be c a l c u l a t e d  

f o r  each p a r t i c l e .  J u s t  before  t h e  p a r t i c l e  reaches t h e  t a r g e t  p l a t e  a 

second s i g n a l  from t h e  Proport ional  Delay Generator starts t h e  second 

beam of t h e  dua l  beam osc i l l o scope .  T h i s  beam i s  used t o  d i s p l a y  t h e  

t a r g e t  s i g n a l  and t h e  i o n  charge and t r a n s i t  time information from t h e  

c o l l e c t o r  o r  PMT. 

J u s t  p r i o r  t o  arr ival  of t h e  p a r t i c l e  a t  t h e  p a r t i c l e  d e t e c t o r ,  

3 . 3  Discussion of Laboratory Impact I o n i z a t i o n  Data 

The primary o b j e c t i v e  of t h e  program w a s  t o  s tudy  t h e  i o n i z a t i o n  

c h a r a c t e r i s t i c s  a t  low impact v e l o c i t i e s  and t o  determine t h e  f e a s i b i l i t y  
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..J2 ----I--<-- cl-, ---t--.-..- a y y i y i u s  L t L C :  L r C i i l l l q ~ r  t~ perfsim p a r t f c i e  composition a n a i y s i s  on a 

low v e l o c i t y  cometary i n t e r c e p t  n i s s i o n .  The v e l o c i t y  range of in terest  

f o r  t h e  purposes of t h i s  study w a s  1-8 km/sec. 

The t h r e e  p a r t i c l e  m a t e r i a l s  s e l ec t ed  f o r  u s e  i n  t h e  s tudy were 

lanthanum hexaboride, i r o n ,  and aluminum. Lanthanum hexaboride w a s  

s e l e c t e d  as t h e  molecular compound material p r i n c i p a l l y  because i t  

g e n e r a l l y  provides  t roub le - f r ee  operat ion i n  t h e  m i c r o p a r t i c l e  charging 

apparatus .  I ron  and aluminum were se l ec t ed  as r e p r e s e n t a t i v e  of t h e  

atomic materials which might be expected t o  be present  i n  meteoroid o r  

cometary p a r t i c l e s .  In  terms of ion iza t ion  p o t e n t i a l  of t h e  atomic con- I 
I 
I s t i t u e n t s ,  t hese  materials a l s o  provide a reasonably good cross-sect ion 

of t h e  metallic elements which may be present  i n  cosmic p a r t i c l e s .  The 

i o n i z a t i o n  p o t e n t i a l  of t h e  s e l e c t e d  elements are; boron, 8.30 e V ;  

lanthanum, 5.61 e V ;  i r o n ,  7.87 e V ;  and aluminum, 5.98 eV. I o n i z a t i o n  

p o t e n t i a l  i s  one of t h e  most important parameters t o  consider  when 

I thermal i o n i z a t i o n  is  providing t h e  source of i o n s ,  as i s  evident  from 

I t h e  d i scuss ion  i n  Sect ion 2.  A more d e t a i l e d  d i s c u s s i o n  of t h e  r e l a t i v e  
importance of i o n i z a t i o n  p o t e n t i a l s  w i l l  be undertaken i n  a la ter  sub- 

s e c t i o n .  

The t a r g e t  p l a t e  s e l e c t e d  f o r  u s e  i n  the  experiments w a s  a 0.25 

m i l l i m e t e r  t h i c k  tantalum shee t .  No  s p e c i a l  p recau t ions  were taken t o  

o b t a i n  a pure tantalum specimen s i n c e  i t  w a s  assumed t h a t  any i m p u r i t i e s  

i n  t h e  material would simply add more i d e n t i f i a b l e  atomic elements. 

However, any s u r f a c e  layers  of contaminants which might approach a 

f r a c t i o n  of a micron i n  th i ckness  could poss ib ly  cause a change i n  t h e  

i o n i z a t i o n  produced over t h a t  from a clean tantalum su r face .  To avoid 

t h i s  p o s s i b l e  complication t h e  t a r g e t  material w a s  cu t  t o  t h e  appropr i a t e  

t a r g e t  dimensions and thoroughly cleaned us ing  s t anda rd  l a b o r a t o r y  de- 

greasing techniques.  The t a r g e t  s a m p l e  was then placed i n  hard vacuum 

Torr)  and e l e c t r i c a l l y  heated by passing a high cu r ren t  through 

t h e  material. 

o p t i c a l  pyrometer, and held f o r  30 minutes. The t a r g e t  w a s  then t r ans -  

f e r r e d ,  untouched, t o  t h e  t a r g e t  holder i n  t h e  TOF chamber. It w a s  f e l t  

t h a t  t h i s  t reatment  should remove any v o l a t i l e  contaminants which might: 

s t i l l  be on t h e  s u r f a c e  a f t e r  t h e  standard cleaning procedures.  

A 2000°C temperature w a s  a t t a i n e d ,  as determined by an 
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3 . 3 .  i Lanthanum Hexaboride P a r t i c i e  impacts 

Figure 3-4 shows four osc i l l o scope  photographs t h a t  are represen- 

t a t ive  of t h e  type of i o n i z a t i o n  s i g n a l s  obtained f o r  t h e  lanthanum hexa- 

bo r ide  (LaB ) impacts on a tantalum t a r g e t .  I n  each photograph t h e  upper 

trace i s  t h e  sum of  t h e  p a r t i c l e  charge d e t e c t o r  s i g n a l ,  t h e  t a r g e t  s i g n a l ,  

and t h e  c o l l e c t o r  s i g n a l  obtained by i n t e g r a t i n g  t h e  a r r i v i n g  i o n  cu r ren t .  

The lower trace i n  Figure 3-4a, b y  c i s  the sum of t h e  t a r g e t  s i g n a l  and 

t h e  i n t e g r a t e d  c o l l e c t o r  s i g n a l  while  t h a t  i n  Figure 3-4d is  t h e  sum of 

t h e  t a r g e t  s i g n a l  and the  c o l l e c t o r  (PMT) cu r ren t  waveform. 

6 

The p a r t i c l e  charge is  found from the  amplitude of t h e  r ec t angu la r  

p u l s e  on t h e  upper t r a c e  which i s  produced as t h e  p a r t i c l e  traverses 

a 10.0 cm long pa r t i c l e  charge de t ec to r .  Par t ic le  v e l o c i t y  is  found 

from t h e  t r a n s i t  t i m e  of t h e  p a r t i c l e  through t h e  d e t e c t o r  o r ,  more 

a c c u r a t e l y ,  from t h e  t r a n s i t  time of the  p a r t i c l e  from t h e  d e t e c t o r  i npu t  

( leading edge of r ec t angu la r  pu l se )  t o  impact on t h e  t a r g e t  ( f l i g h t  pa th  

l e n g t h  = 1.42 meters i n  t h i s  case) .  P a r t i c l e  parameters may be ca l cu la t ed  

by invoking t h e  p r i n c i p l e  of conservat ion of energy on t h e  acce le ra t ed  

p a r t i c l e  and proceeding i n  t h e  fol lowing manner (MKS system): 

1 2  - m v  = Q V a  2 

C Q E - V O  
g 

where ; 

m = p a r t i c l e  mass, 

v = p a r t i c l e  v e l o c i t y ,  

Q = p a r t i c l e  charge,  

V a  = t o t a l  a c c e l e r a t i n g  p o t e n t i a l ,  
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IMPACT VELOCITY: 1.16 km/s 
MASS : 1.72  l ~ - ~ ~ k ~  

-6 
RADIUS : 2.51 x 10 m 

COLLECTED CHARGE: 3.0 x 10-l~ c 
(a 1 

IMPACT VELOCITY: 5.76 km/s 

MASS : 1.06 x kg 

RADIUS : 4.60 x m 
COLLECTED CHARGE: I. 7 1  x c 

(b 1 

IMPACT VELOCITY: 8.85 h / s  

MASS : 3.70 x kg 
RADIUS : 3.23 x m 
COLLECTED CHARGE.: 2.69 x 10-l~ c 

( 4  

IMPACT VELOCITY: 1 7 . 1  km/s 

MASS: 2.31 x kg 
RADIUS : 1 . 2 8  x m 

COLLECTED CHARGE: 7.7 x 10-l~ c 
(d 1 

Figure 3-4. S igna l  Response f o r  Various LaB 

Tantalum Target .  The upper trace, i n  each case, is t h e  sum 

of t h e  p a r t i c l e  charge de t ec to r ,  t a r g e t ,  and c o l l e c t e d  ion 

s i g n a l s .  The lower trace, i n  each case, is t h e  sum of t h e  

t a r g e t  and PMT s igna l s .  

Particle Impacts on a 
6 
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C = p a r t i c l e  charge d e t e c t o r  input capaci tance,  

Vo = p a r t i c l e  d e t e c t o r  s i g n a l  output amplitude ( rec tangular  pu l se  

on upper t r a c e ) ,  

L = measured f l i g h t  pa th  l eng th ,  

t = t r a n s i t  t i m e  over f l i g h t  path l eng th  (measured on upper 

trace of photograph),  

r = p a r t i c l e  equiva len t  r ad ius ,  i f  s p h e r i c a l ,  

p = d e n s i t y  of p a r t i c l e  material. 

Referr ing aga in  t o  Figure 3-4a, which is  a 1.16 lan/sec impact,  t h e  

IGTJPT trace is seen to begin p r i o r  t o  p a r t i c l e  impact on t h e  t a r g e t  which 

i s  accomplished by t h e  t r i g g e r  pu lse  from t h e  par t ic le  s e l e c t i o n  system. 

The p o s i t i v e  going ramp i n  t h i s  photograph i s  caused by t h e  p o s i t i v e  

charge on t h e  p a r t i c l e  being induced on t h e  t a r g e t  p r i o r  t o  a c t u a l  impact 

of t h e  par t ic le .  Impact occu r s  a t  the time t h e  nega t ive  s t e p  appears  a t  

t h e  end of the p o s i t i v e  ramp. The negat ive  s t e p  g ives  t h e  t i m e  of impact 

from which a l l  i o n  t r a n s i t  times a r e  measured. Following p a r t i c l e  impact 

i n  Figure 3-4a, two p o s i t i v e  going s t e p s  may be e a s i l y  seen. The f i r s t  

s m a l l  s t e p  i s  caused by t h e  a r r i v a l  of sodium ions  (Na ) a t  t h e  c o l l e c t o r  

while  t h e  second o r  l a r g e  s t e p  is  t h e  a r r i v a l  of potassium ions  (K ). 

A t h i r d  elements s i g n a l  may be seen a t  the  top  of t he  l a r g e  s t e p  which 

i s  e i t h e r  (K41)+, Ca+, o r  a combination of both. 

c o l l e c t e d  may be measured from t h e  t o t a l  amplitude of t he  c o l l e c t o r  

s i g n a l  on e i t h e r  lower o r  upper t r a c e .  

+ 
+ 

The t o t a l  charge 

Figure 3-4b shows an  impact a t  5.76 km/sec. On t h e  lower trace, 

t h e  c o l l e c t o r  s i g n a l  shows several more d i s t i n q u i s h a b l e  s t e p s .  Af te r  

t h e  f i r s t  s t e p  (Na ), a s m a l l  S i  s i g n a l  has appeared followed by a l a r g e  

(K3’)+ s i g n a l ,  a s m a l l  [ (K4l)+, Ca+] s i g n a l ,  a new small s t e p  a t  m a s s  

54-56 AMU which has  n o t  been p o s i t i v e l y  i d e n t i f i e d ,  and f i n a l l y ,  a slow 

r i s i n g  s t e p  as t h e  s i g n a l  goes o f f  s ca l e .  The slow s t e p  i s  c h a r a c t e r i s t i c  

of e s s e n t i a l l y  a l l  LaB 

t h i s  slow s i g n a l  i s  n o t  known. It corresponds t o  an ion  m a s s  i n  t h e  180- 

+ + 

impacts below about 1 0  km/sec. The source  of 6 
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Figure  3-4c i s  an  impact a t  8.85 kmjsec and is e s s e n t i a l l y  i d e n t i -  

cal i n  ctraracter t o  t h a t  i n  Figure 3-4b. 

F igure  3-4d shows a c o l l e c t o r  s i g n a l  cu r ren t  waveform from a 

h igher  v e l o c i t y  impact (17.1 km/sec) . This photograph i l l u s t r a t e s  t h e  

except iona l  improvement in t h e  output  spectrum as t h e  v e l o c i t y  inc reases  

t o  t h e  20 km/sec range. Very f i n e  r e so lu t ion  i s  i l l u s t r a t e d  he re  and i s  

r e p r e s e n t a t i v e  of a h igh  v e l o c i t y  impact w i t n  a one meter TOF range. 

The observed elements o r  m a s s  numbers, i n  increas ing  o r d e r  of mass, are 

as fol lows:  H,  C, N a ,  Si ,(mass 39-41), (mass 53-56), La ,  Ta ,  and mass 

205 which is c o r r e c t  f o r  t h e  LaB6 molecule. 

The LaB impact d a t a  which were recorded as i n t e g r a t e d  c o l l e c t o r  6 
s i g n a l s  (such as Figure 3-4a, b ,  c) were examined i n  d e t a i l  t o  f i n d  both 

tne ampiitucie and t r ans i r :  time of each d i s t inqu i shab ie  s t e p .  

were then used t o  compute t h e  t o t a l  charge contained i n  each s t e p  and 

t h e  m a s s  i n  AMU of t h e  i o n  group which produced t h e  s t e p .  These d a t a  

w e r e  then  s p l i t  i n t o  four  v e l o c i t y  groups; 0-3 km/sec, 3-6 km/sec, 6-9 

km/sec, and 9 km/sec and above. 

number w a s  then summed over  a l l  impacts in each v e l o c i t y  group. 

3-5, 3-6, 3-7, and 3-8 are t h e  r e s u l t s  obtained. 

These s i g n a l s  

The charge c o l l e c t e d  i n  a given AMU 
Figures  

Figure 3-5 is  t h e  0-3 km/sec group and Figure 3-6 i s  the  3-6 km/sec 

group. I n  t h e  lowest v e l o c i t y  group, sodium and po.tassium-calcium are 

e s e n t i a l l y  t h e  only  s i g n a l s  present .  

numbers are obtained but  e i t h e r  i n f r equen t ly  o r  of low amplitude.  

can be seen i n  t h i s  histogram which p l o t s  t o t a l  c o l l e c t e d  charge i n  each 

atomic m a s s  group, s u b s t a n t i a l l y  a l l  t he  charge is contained i n  t h e s e  

two groups. I n  Figure 3-6, t h e  3-6 km/sec group, s u b s t a n t i a l l y  a l l  t h e  

charge is st i l l  c a r r i e d  i n  t h e  23, 39-41 AMlJ groups,  however, s i z e a b l e  

s i g n a l s  may now be found a t  mass 28 ( S i ) ,  mass 53-57 (unknown), and mass 

180-200 (most l i k e l y  tantalum and tar,talum monoxide (TaO) o r  LaB6). The 

A s i zeab le  number of o t h e r  mass 

As 

l a r g e  spread i n  s i g n a l s  i n  t h e  180-200 AMU range is  caused by t h e  slow 

r i s e t i m e  n a t u r e  of t h e  waveform descr ibed e a r l i e r .  
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~ig.;re 3-7 gzd 3-8 chews the r e s d t , ~  ehtained for the 6-9 lan/sec: 

a d  9 km!sec and up group. These histograms are no t  m a t e r i a l l y  d i f f e r -  

e n t  from t h a t  i n  Figure 3-6 (3-6 km/sec group) except  i n  Figure 3-8 

(9 h / s e c  and over )  carbon has  appeared and a l s o  s e v e r a l  low ampiitude 

s i g n a l s  have shown up around mass 140 which i s  assumed t o  be lanthanum. 

Both boron and lanthanum a r e  noteably absent from t h e s e  histograms i n  

s i g n i f i c a n t  q u a n t i t i e s .  The low s i g n a l  l e v e l s  f o r  t h e s e  two elements 

are be l ieved  t o  be f o r  t h e  fol lowing reasons: 

conta ins  six boron atoms which surround t h e  much l a r g e r  lanthanum atom. 

I n  o rde r  t o  o b t a i n  a f r e e  lanthanum atom, which could then be e a s i l y  

ion ized ,  a l l  six boron atoms must be s t r ipped  away. It i s  bel ieved tha 

t h e  energy involved i n  doing t h i s  i s  s u f f i c i e n t l y  l a r g e  t o  s i g n i f i c a n t l y  

reduce t h e  number of lanthanum atoms a v a i l a b l e  f o r  thermal 4onizat ion.  

(2) On t h e  o t h e r  hand, f r e e i n g  one o r  boron atoms should occur e a s i l y ;  

however, t h i s  atom nas a n  8.36 e'v' iouizaiion p o t e i i t b l  a d  is therefore 

n o t  expected t o  be apprec iab ly  ion ized  at low impact v e l o c i t i e s .  

(1) The LaB6 molecule 

The t o t a l  impact i o n i z a t i o n  charge leaving  t h e  t a r g e t  w a s  measured 

f o r  each of t h e  recorded impact events .  Figure 3-9 shows t h e  r e s u l t s  

obtained when t h e s e  d a t a  are normalized t o  t h e  mass of t h e  impacting 

p a r t i c l e .  

by an equat ion  of t h e  form Q /m = Kva. 

t h e  es t imated  b e s t  f i t  t o  t h e  p l o t t e d  data.  The equat ion  which desc r ibes  

It w a s  assumed that t h e  p lo t t ed  d a t a  could b e s t  be descr ibed 

The l i n e  shown on Figure 3-9 is  
T P  

4 * 4 8  where Q /m = (.060) v w i l l  be 
T P  

the  l i n e  drawn w a s  found t o  be Q /m 
T P  

i n  coulombs pe r  kilogram when v is  expressed i n  km/sec. 

A second p l o t  w a s  made from t h e  t o t a l  charge measured i n  the  39-41 

AMU group of ions .  When normalized to  p a r t i c l e  m a s s ,  t h e  p l o t  i n  Figure 

3-10 i s  obta ined .  

d a t a  of Figure 3-9; 

no t  d i f f e r  s u b s t a n t i a l l y  from t h a t  f o r  t h e  t o t a l .  

f o r  t h e  curve is Qc/m = (.013) v 4045  which d i f f e r s  from t h a t  found f o r  t h e  

t o t a l  only i n  the  va lue  of t h e  cons tan t .  

The d a t a  are seen t o  s c a t t e r  more than t h e  t o t a l  charge 

liowever, t he  curve f o r  t h e  es t imated  b e s t  f i t  does 

The equat ion obta ined  

P 

3.3.2 I ron  P a r t i c l e  Impacts 

Impact i o n i z a t i o n  s i g n a l s  were recorded f o r  i r o n  p a r t i c l e  impacts 

on tantalum over  e s s e n t i a l l y  t h e  same v e l o c i t y  range used f o r  t h e  previous 
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Figure 3-9. T o t a l  Target Charge P e r  Unit P a r t i c l e  Mass Q /m 

Impact Veloci ty:  LaB Par t ic les ,  Ta Target .  6 

vs P a r t i c l e  
T P -  
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Figure 3-10. To ta l  Col lected Charge (39-41 AM3 Mass Group) Per Unit 

Part ic le  Mass Qc/m 
P -  

P a r t i c l e s ,  T a  Target .  

vs P a r t i c l e  Impact Veloci ty:  LaB6 
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L a B -  impacts, IC th is  case, thc Vzri de Griiar'f a c c e l e r a t o r  and t h e  l i n e a r  

a c c e l e r a t o r  were both used f o r  impact d a t a  a c q u i s i t i o n .  The l i n e a r  

a c c e l e r a t o r  was  used i n  order  t o  check on any p o s s i b l e  mass e f f e c t s  

which might exist f o r  t h e  impact i on iza t ion  process .  

b 

Figure 3-11 shows f o u r  osc i l l o scope  photographs that are repre-  

s e n t a t i v e  of t h e  i r o n  p a r t i c l e  impacts obtained. 

v e l o c i t y  (1.33 lan/sec) impact s i g n a l  is shown. 

t h e  same as descr ibed  f o r  t he  LaB da ta .  The upper trace shows t h e  sum 

of t h e  particle charge d e t e c t o r  s i g n a l ,  t he  t a r g e t  s i g n a l ,  and t h e  i n t e -  

g ra t ed  c o l l e c t o r  s igna l .  

s i g n a l  and t h e  i n t e g r a t e d  c o l l e c t o r  s i g n a l  but at a h igher  sweep speed 

I n  Figure 3-lla, a low 

The s i g n a l s  d i sp layed  are 

6 ' 
I 

I 
I (5 microseconds/divis ion)  than t h e  upper t race .  Three s e p a r a t e  i o n  

~ 

The lower t r a c e  shows t h e  sum of the t a r g e t  

groups are d i s t i n q u i s h a b l e  on t h e  lower t r ace .  The masses of t h e  t h r e e  
, 
, groups w e r e  found t o  be 23, 39, and 75 AMU. Sodium and potassium are 

present  as f o r  t h e  o t h e r  low v e l o c i t y  impacts, however, t h e  mass 75 group 

is  new and has  not  been i d e n t i f i e d .  

below 3 lan/sec. 

It was observed only f o r  impacts  

Figure 3 - l lb  i l l u s t r a t e s  an impact s i g n a l  a t  3.37 km/sec. This  

p a r t i c u l a r  event  shows only sodium and potassium and is r e p r e s e n t a t i v e  

of most of t h e  events  recorded i n  t h e  3-6 km/sec range. 

Figure 3 - l l c  i s  an event  a t  6.46 km/sec. Here t h r e e  ion groups 

are seen q u i t e  prominently. 

and i r o n .  

They were i d e n t i f i e d  as sodium, potassium, 

Figure 3-lld shows an event a t  7 .75  lan/sec f o r  an i r o n  p a r t i c l e  

which w a s  acce le ra t ed  by t h e  l i n e a r  acce le ra to r .  

upper trace is  t h e  sum of t h e  s i g n a l  from the l i n e a r  a c c e l e r a t o r  p a r t i c l e  

p o s i t i o n  d e t e c t o r ,  and t h e  t a r g e t  s i g n a l ,  and t h e  i n t e g r a t e d  c o l l e c t o r  

s igna l .  

impact i n  F igure  3 - l l c ;  sodium, potassium, and i ron .  However, t h e  mass 

of t h e  p a r t i c l e  i n  t h i s  case is  two o rde r s  of magnitude g r e a t e r  (m = 

2.08 x d4 kg i n  (d) v s  - m = 2.92 x 

The s i g n a l  on t h e  

The same ion m a s s  groups are observed he re  as f o r  t h e  6.46 km/sec 

kg i n  ( c ) ) .  

The t o t a l  charge c o l l e c t e d  i n  each ion  group w a s  measured f o r  

each impact event recorded. The d a t a  w e r e  separated i n t o  four  v e l o c i t y  
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IMPACT VELOCITY: 1.33 km/s 
MASS : 1.19 x kg 

RADIUS: 1.54 x m 
-14 COLLECTED CHARGE: 1.16 x 10 

(a )  

IMPACT VELOCITY : 3.37 km/s 
MASS : 6.29 x kg 

RADIUS : 5.76 1 0 - ~ ~  
-14 COLLECTED CHARGE: 4.97 x 10 

(b 

IMPACT VELOCITY: 6.46 km/s 

MASS : 2.92 x kg 

RADIUS : 2.07 x m 

COLLECTED CHARGE: 1.02 x 10-l~ c 
(C 

IMPACT VELOCITY: 7 .75  km/s 

MASS: 2.08 x kg 

RADIUS : 8.58 x m 

COLLECTED CHARGE: 6.45 x 10 -14 

(d) 

Figure 3-11. Signal  Response f o r  Various Carbonyl I r o n  P a r t i c l e  Impacts 

on a Tantalum Target. The upper trace i n  ( a ) ,  (b), and 

(c) is  t h e  sum of t h e  p a r t i c l e  charge d e t e c t o r  and t h e  

i n t e g r a t e d  PMT s igna l .  The upper t r a c e  i n  (d) is the  sum 

of t h e  p a r t i c l e  p o s i t i o n  de tec to r  and t h e  i n t e g r a t e d  PMT 

s i g n a l .  The lower trace i n  each case is  t h e  sum of t he  

t a r g e t  s i g n a l  and t h e  in t eg ra t ed  PMT s i g n a l .  
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groups,  0-3 kmjsec, 3-6 iani’sec, 6-9 ianlsec, and 9 ianisec and above. The 

c o l l e c t e d  charge iii a given AXLJ i ~ i m b e r  wzs theii su-med over all. iiiipazts 

f o r  each v e l o c i t y  group. These d a t a  are  shown as histograms i n  Figures 

3-12, 3-13, 3-14, and 3-15. I n  t h e  0-3 km/sec, 3-6 kmlsec, and 6-9 

km/sec o n l y  t h r e e  ion  groups are gene ra l ly  observed. 

potassium, and i r o n  with i r o n  being a weak o r  low-level s i g n a l  i n  a l l  

cases, e s p e c i a l l y  i n  t h e  0-3 km/sec group. For t h e  9.47 km/sec - 32.0 

km/sec group shown i n  Fiugre 3-15, i r o n  h a s  become a much l a r g e r  f r a c -  

t i o n  of t h e  t o t a l  co l l ec t ed  charge.  O t h e r  mass groups are a l s o  observed 

f o r  t h e s e  impacts .  Hydrogen, l i t h ium,  carbon, s i l i c o n ,  tantalum, and 

tantalum oxide are present  as may be seen from t h e  f i g u r e .  

They are sodium, 

The t o t a l  c o l l e c t e d  charge f o r  the carbonyl i r o n  impacts w e r e  

measured and normalized t o  t h e  mass of  t h e  impacting p a r t i c l e .  These 

normalized charge d a t a  were p l o t t e d  aga ins t  p a r t i c l e  impact v e l o c i t y  and 

are shown i n  Figure 3-16. 

a c c e l e r a t o r  have been coded d i f f e r e n t l y  from t h a t  acquired using t h e  

l i n e a r  a c c e l e r a t o r  i n  o rde r  t o  see i f  a mass e f f e c t  e x i s t s  f o r  impact 

i o n i z a t i o n  a t  t h e s e  v e l o c i t i e s .  The two d a t a  groups are q u i t e  c l e a r l y  

separated i n  t h i s  graph which shows tha t  an i n c o r r e c t  normalizat ion 

f a c t o r  has  been used. I f  impact i on iza t ion  w a s  p ropor t iona l  t o  m a s s  

then both d a t a  groups would have t h e  same amplitude and s lope  on t h i s  

graph. This is c l e a r l y  no t  t h e  case; hence, i m p a c t  i o n i z a t i o n  does not  

go d i r e c t l y  as  mass of t he  impacting p a r t i c l e .  

Here t h e  da t a  acquired us ing  t h e  Van de Graaff 

The two l i n e s  drawn on Figure 3-16 are t h e  est imated b e s t  f i t  

f o r  t h e  p l o t t e d  da t a .  = 

( 0 . 4 4 ) v ~ . ’ ~  f o r  t h e  upper o r  Van de Graaff a c c e l e r a t o r  d a t a  group and 

The equation found f o r  t h e  curves w e r e  Q /m 
C P  

Qc/m = (.025)vza6 f o r  t h e  lower or l i n e a r  a c c e l e r a t o r  d a t a  group. 
P 

I n  o rde r  t o  o b t a i n  a q u a n t i t a t i v e  f e e l i n g  f o r  t h e  magnitude of 

t h e  m a s s  exponent f o r  production of impact i o n i z a t i o n ,  t h e  charge c o l l e c t e d  

a t  10.0 + - km/sec were p l o t t e d  a s  a func t ion  of t h e  mass of t h e  impacting 

p a r t i c l e .  The r e s u l t  obtained i s  shown i n  Figure 3-17. I n  t h i s  f i g u r e  

t h e  c o l l e c t e d  charge datum p o i n t s  f o r  the Van de Graaff and l i n e a r  

a c c e l e r a t o r  d a t a  groups a r e  separated by approximately two o r d e r s  of 

magnitude i n  p a r t i c l e  mass. A least-squares l i n e a r  r e g r e s s i o n  w a s  per- 
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Figure 3-16. Total Collected Charge Per Unit Particle Mass Q /m 

Particle Impact Velocity: 

Target. 

vs 
c P-- 

Carbonyl Iron Particles, Ta 
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formed on t h e  p l n t t d  data ts obtafii the l i n e  shown on the  f i g u r e .  

though t h e  number of d a t a  p o i n t s  i n  each group are l i m i t e d ,  t h e  two groups 

are s u f f i c i e n t l y  f a r  a p a r t  i n  mass s o  t h a t  the exponent of mass may be 

e x t r a c t e d  from these  da t a .  

f i t  to  t h e  p l o t t e d  d a t a  which i s  

A I -  
l 

I An equat ion wzs nbtaised f o r  the l ea s t - squa res  

-11 Q = 1.1 x 10 .154 
(mp> 

The above equat ion shows a n  extremely s t rong  mass dependence f o r  

t h e  v e l o c i t y  and impact parameters used f o r  the d a t a  from which t h e  

equat ion w a s  derived. 

few datum p o i n t s  a t  1.5 2 .15 km/sec; however, t h e  m a s s  d i f f e r e n c e  be- 

tween t h e  two d a t e  groups i s  only a f a c t o r  of f i v e  a t  t h i s  v e l o c i t y .  

The s c a t t e r  i n  t h e  c o l l e c t e d  charge d a t a  w a s  t o o  l a r g e  t o  permit a mass 

dependence t o  be determined. 

A similar p l o t  w a s  attempted from t h e  r e l a t i v e l y  

The much smaller mass d i f f e r e n c e  a t  t he  low v e l o c i t i e s  i s  t h e  

A reason t h e  two d a t a  groups converge a t  one km/sec i n  Figure 3-14. 
constant  d i f f e r e n c e  i n  t h e  mass r a t i o s  of t he  two groups would have 

e s t a b l i s h e d  p a r a l l e l  t r e n d s  i n  t h i s  f i g u r e .  

3 .3 .3  Aluminum P a r t i c l e  Impacts 

Aluminum has t h e  lowest i o n i z a t i o n  p o t e n t i a l  of t h e  t h r e e  p a r t i c l e  

The cha rac t e r  of t h e  i o n i z a t i o n  s i g n a l  materials t e s t e d  on t h i s  program. 

a l s o  changes s u b s t a n t i a l l y  t o  r e f l e c t  t h e  lower i o n i z a t i o n  p o t e n t i a l  of 

t h e  aluminum. 

r e p r e s e n t a t i v e  of t h e  type s i g n a l s  obtained over t h e  v e l o c i t y  range 

covered i n  t h e  tests. The c o l l e c t o r  s i g n a l  on t h e  lower trace i n  these  

examples i s  t h e  time h i s t o r y  of t h e  ion  current  a r r i v i n g  a t  t h e  c o l l e c t o r .  

Figure 3-18a is  f o r  an impact a t  1.3 km/sec. The c o l l e c t o r  s i g n a l  on 

t h e  lower trace shows t h r e e  prominent cu r ren t  s p i k e s  which correspond 

t o  sodium, potassium, and mass 74 which has not  been p o s i t i v e l y  i d e n t i f i e d .  

The i m p a c t s  down near  one km/sec are t h e  only cases  where aluminum f a i l e d  

t o  show up as an i d e n t i f i a b l e  element on t h e  c o l l e c t o r  s i g n a l .  

Figure 3-18 shows f o u r  osc i l l o scope  photographs which are  

Figure 3-18b i s  the  s i g n a l  obtained f o r  a 3 . 3 6  km/sec impact. The 

s i g n a l s  seen on the  lower trace correspond t o ,  i n  i nc reas ing  o rde r  of 
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IMPACT VELOCITY: 1 . 3 0  km/s IMPACT VELOCITY: 3.36 km/s 
MASS : 1.75  x kg MASS: 1.71 X d4 kg 

RADIUS : 2.49 x m RADIUS : 1 . 1 5  x m 

COLLECTED CHARGE: 2.06 x c COLLECTED CHARGE: 7.11 x 1 0 - l ~  c 
(e ! !b 1 

IMPACT VELOCITY: 8.68 km/s IMPACT VELOCITY: 20.9 km/s 
MASS : 8.24 x kg MASS: 5 . 7 1  x kg 

COLLECTED CHARGE: 7.45 x 1 0 - l ~  c COLLECTED CHARGE: 4.50  x 10 
RADIUS : 7.52  IO-’ RADIUS : 1.72 

-13 

( c )  (d 1 

Figure  3-18, S igna l  Response f o r  Various Aluminum Part ic le  Impacts on a 

Tantalum Targe t .  

p a r t i c l e  charge d e t e c t o r  s i g n a l ,  t a r g e t  s i g n a l ,  and co l l ec -  

t o r  s i g n a l .  

na l  and t h e  PMT c u r r e n t  waveform. 

The upper trace i n  each case i s  t h e  sum of 

The lower trace is t h e  sum of t h e  t a r g e t  sig- 
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mass, s o d i . ~ ~ ,  d.-atx~*nn, potassium, mass 74, and mass 90. 

Figure 3-i8c shows the signa: fmiii a ‘ii~pact at 8.68 h!nec. In  

inc reas ing  o r d e r  t h e  cu r ren t  s i g n a l s  seen on t h e  lower trace rep resen t  

hydrogen (small), sodium (very smal l ) ,  aluminum (very l a r g e ) ,  potassium 

(smal l ) ,  and mass 54. One sees t h a t  t h e  aluminum s i g n a l  is by f a r  t h e  

most prominent s i g n a l  f o r  t h i s  impact. 

F igure  3-18d i l l u s t r a t e s  t h e  r e s u l t s  of an impact a t  20.9 lan/sec. 

As t h e s e  h igher  v e l o c i t i e s  are reached t h e  c o l l e c t o r  s i g n a l  is seen t o  

change s u b s t a n t i a l l y  i n  t h e  number of elements which are de tec ted .  I n  
t h i s  photograph (lower t r a c e )  major cur ren t  sp ikes  are seen which have 

been i d e n t i f i e d  as H, C, A l  (very large sp ike) ,  K, mass 54, and Ta. 

Minor peaks are seen which have t h e  following c a l c u l a t e d  mass numbers: 

(2) ,  (23), (41), and (197) which is bel ieved t o  be  tantalum oxide (TaO). 

-- me t o c a i  coiiacted cki~rge i n  zach~ezsurablo, inn mans group was 

found as f o r  t h e  prev ious  p a r t i c l e  ma te r i a l s .  

s p l i t  i n t o  t h e  same f o u r  v e l o c i t y  ranges (0-3 lan/sec, 3-6 lau/sec, 6-9 

lan/sec, 9 km/sec and up) used previously.  The c o l l e c t e d  charge found 

f o r  each atomic mass u n i t  w a s  summed over  all impacts i n  each v e l o c i t y  

group. The r e s u l t i n g  p l o t s  are shown i n  Figures 3-19, 3-20, 3-21, and 

3-22. These d a t a  r e q u i r e  no f u r t h e r  explanat ion s i n c e  they are i n  t h e  

same format as t h e  preceding two groups. It i s  worth no t ing  t h a t  aluminum 

is q u i t e  prominent i n  t h e s e  histograms. 

The acquired d a t a  w a s  

The t o t a l  c o l l e c t e d  charge f o r  each impact w a s  a l s o  measured f o r  

t h e  aluminum p a r t i c l e  impacts. These da t a  w e r e  normalized to t h e  im- 

pac t ing  p a r t i c l e  m a s s  and were p l o t t e d  as a func t ion  of impact ve loc i ty .  

The r e s u l t s  are shown i n  Figure 3-23. 

f o r  t h e  est imated b e s t  f i t  t o  t h e  p l o t t e d  da ta .  The equat ion  f o r  t h e  

l i n e  is Qc/m - ( . 0 3 8 ) ~ ~ ’ ~ ’  where Qc/m w i l l  be i n  coulombs/kg when v is 

expressed i n  km/sec. 

3.3.4 Discussion of I o n i z a t i o n  Data Rela t ive  t o  t h e  Proposed Plasma Model 

Here aga in  a l i n e  has  been drawn 

P P 

It is apparent  from t h e  da t a  presented earlier t h a t  t h e  a l k a l i  

m a t e r i a l s ,  sodium and potassium, are by f a r  t he  most prominent ion ized  

spec ie s  a t  t h e  low impact v e l o c i t i e s .  The presence of t h e s e  two elements 
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Figure  3-23. T o t a l  Col lected Charge Per Unit  Par t ic le  Mass Q /m 
vs P a r t i c l e  Impact Veloci ty:  Aluminum P a r t i c l e s ,  “ 8  a Target .  - 
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t i o n  p o t e n t i a l  i s  probably the most important parameter f o r  ptoduct ion 

of impact i on iza t ion .  

w i l l  now be  considered. 

The r e l a t i v e  signal. s e n s i t i v i t y  t o  t h i s  parameter 

The above e f f e c t  may be i l l u s t r a t e d  by an examination of t h e  

expected i o n  r a t i o  of two materials contained in a plasma i n  thermal 

equi l ibr ium. By taking t h e  r a t i o  of t he  Saha equation (from Sec t ion  2) 

f e r  thermal i o n i z a t i o n  of one material t o  t h a t  of a second material, 

t h e  fol lowing equat ion may be w r i t t e n :  

In  t h e  above, N, is t h e  ion number d e n s i t y  of t h e  r e s p e c t i v e  
l. 

materials and N, i s  t h e  n e u t r a l  number dens i ty  i n  t h e  plasma. P(') and 
11 

P ( 2 )  are t h e  p a r t i t i o n  func t ions  of materials (1) and (2) r e s p e c t i v e l y  

and are gene ra l ly  a func t ion  of temperature. 

f o r  i o n i z a t i o n  of t h e  r e spec t ive  element, K i s  t h e  Boltzrnann's cons t an t ,  

and T i s  t h e  plasma temperature i n  degrees Kelvin. 

EI i s  t h e  energy r equ i r ed  

The above equat ion w a s  used t o  compute t h e  expected ion  r a t i o s  f o r  

several materials with two s implifying assumptions: ( l ) ,  t h e  r a t i o  of 

t h e  n e u t r a l  number dens i ty  is  u n i t y ;  (2), t h e  r a t i o  of t h e  p a r t i t i o n  func- 

t i o n s  i s  equal  t o  u n i t y  ac ross  t h e  range of ca l cu la t ed  temperatures. 

r e s u l t s  obtained are shown i n  Figure 3-24 where t h e  expected i o n  r a t i o  

has been p l o t t e d  a g a i n s t  t h e  plasma temperature. 

The 
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Figure 3 - 2 4 .  Computed Ion Ratio E Plasma Temperature. 
the minimum temperature plotted is the maximum of the two 

vaporization temperatures of the elements forming the 

ratio. 

In each case, 
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4- + + ,-- + ,,+,.-+ Th:! e x p c  XI inn r a t i o s  are shown f o r  N a  /K , AR /Na , Ax in , 
The i o n i z a t i o n  p o t e n t i a l  f o r  these elements are 5.138 e V  + +  ---- Fc /K . 

f o r  sodium, 4 . 3 3 9  e V  f o r  potassium, 5.998 eV f o r  aluminum, and 7.87 e V  

f o r  i r o n .  

t i o n  temperature of t h e  highest  temperature elerneat of t h e  p a i r  cp t o  

100,000"K. It may be  seen t h a t  f o r  ve ry  low temperatures extremely small 

ion  r a t i o s  are t o  be expected. For example, a t  t h e  vapor i za t ion  tempera- 

t u r e  of i r o n ,  t h e  r a t i o  of Fe /K , f o r  equal n e u t r a l  number d e n s i t y  i n  

t h e  plasma i s  on t h e  o r d e r  of 1 x 10 

with 0.1% potassium i n  an iron-potassium mixture t h e  expected number of 

K 

The curves sketched show the expected ra t io  fro-, the vapcr izs -  

+ +  
-5 

, Another way of s t a t i n g  t h i s  i s  t h a t  

+ + 
per  u n i t  volume w i l l  be  100 times l a r g e r  than t h e  number d e n s i t y  of Fe . 

The plasma model t h e r e f o r e  p r e d i c t s  high s i g n a l  levels of low 

i o n i z a t i o n  p o t e n t i a l  materials if t h e  temperature i s  low. 

t o  assume t h a t  t h e  plasma temperature does decrease as p a r t i c l e  impact 

v e l o c i t y  decreases .  

It is  reasonable  

3 . 4  Impacts on Thin Film Semiconductor Detector 

It i s  clear from t h e  foregoing d i scuss ion  t h a t  t h e  dependence of 

impact i o n i z a t i o n  on i o n i z a t i o n  p o t e n t i a l  of  t h e  elements involved com- 

p l i c a t e s  t h e  use  of t h e  phenomena i n  a device t o  perform composition 

a n a l y s i s .  

c a t i o n  i s  t o  u s e  a t h i n  f i l m  capac i to r  which has one e l e c t r o d e  s u f f i c i e n t l y  

t h i n  t o  be  penetrated by an impacting p a r t i c l e .  If  t h e  p a r t i c l e  p e n e t r a t e s  

It has been suggested t h a t  a means f o r  avoiding t h i s  compli- 

a t  least p a r t  way through t h e  d i e l e c t r i c  material then an e lec t r ica l  

discharge may be induced a t  t h e  po in t  of impact. 

t h e  suggest ion i s  t h a t  t h e  e l e c t r i c a l  cu r ren t  through t h e  impact crater 

region would se rve  t o  f u l l y  i o n i z e  t h e  impacting p a r t i c l e  material .  

When simply phrased, 

I n  o rde r  t o  explore  t h i s  concept, a t h i n  f i l m  c a p a c i t o r  t ype  

d e t e c t o r  w a s  used which cons i s t ed  of a 5.1 cm diameter P-type s i l i c o n  

s u b s t r a t e  with a 4000 A s i l i c o n  dioxide l a y e r  as  a d i e l e c t r i c .  

second p l a t e  of t h e  capac i to r  w a s  a 1500 A vacuum deposi ted aluminum 

f i lm.  Impact tests w e r e  conducted i n  t h e  TOF chamber us ing  carbonyl 

i r o n  p a r t i c l e s .  

behind t h e  t a r g e t  g r i d  plane.  

0 

The 
0 

The impact su r f ace  of t he  d e t e c t o r  w a s  mounted 1 .0  cm 

Capacitor b i a s  w a s  50 v o l t s .  
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i n i c i a i i y ,  t h e  d e t e c t o r  w a s  t r e a t e d  a s  a s tandard cargec and 

biased 3000 v o l t s  p o s i t i v e  with r e spec t  t o  t h e  grounded t a r g e t  g r i d .  

P a r t i c l e  impacts a t  5 km/sec caused excessively l a r g e  s i g n a l s  on t h e  

tsrget cutput 1 ~ , z d  & i ~ h  app'2rp-d to be due tc vcltage brea,de%.F- cf 

t h e  t a r g e t .  C c l l e c t c r  signals w e r e  received which were l a r g e  amplitude 

slow r i s i n g  pu l ses  with no d i s t i n q u i s h a b l e  s t e p s  from which m a s s  groups 

could be i d e n t i f i e d .  The l a r g e  s i g n a l s  continued as t h e  b i a s  v o l t a g e  

w a s  reduced down t o  150 v o l t s  t a r g e t  b i a s  a t  which p o i n t  one could t e l l  

t h a t  an impact caused a l a r g e  q u a n t i t y  of charge t o  leave t h e  t a r g e t  

without causing vo l t age  breakdown. No i o n  groups were resolved on t h e  

c o l l e c t o r  s i g n a l .  

A 1.0 microfarad capac i to r  w a s  placed from t a r g e t  t o  ground t o  

reduce t h e  amplitude of t h e  t a r g e t  s i g n a l s  t o  prevent  p o s s i b l e  "smearing" 

of i o n  ene rg ie s  as t h e  p o t e n t i a l  changed. The u n i t  operated c o n s i s t e n t l y  

w i ~ h o u t  breaicdown a t  i5G v o i t s ;  however, the c o i i e c t o r  s i g n a i  a t  no time 

showed any r e so lveab le  mass groups. 

The conclusion from t h e  tes t  i s  t h a t  t h i s  type of u n i t  w i l l  no t  

In t h e  tests per- func t ion  adequately in an impact TOF mass analyzer.  

formed, charge w a s  seen t o  be emit ted from t h e  t a r g e t  gas  f o r  more than  

50 microseconds which would serve t o  degrade t h e  s y s t e m  time r e s o l u t i o n  

t o  unacceptable l e v e l s .  A second detr imental  f e a t u r e  is the quan t i ty  of 

charge produced. It is  s o  excessively l a r g e  t h a t  extreme d i f f i c u l t y  

would be found i n  r e j e c t i n g  t h e  undesired charge, e s p e c i a l l y  s i n c e  even 

minute q u a n t i t i e s  of impur i t i e s  cou ld  mask t h e  d e s i r e d  elements from t h e  

p a r t i c l e  material. 
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Three poss ib l e  approaches t o  the  -- i n  s i t u  measurement of chemical 

composition of cometary o r  a s t e r o i d a l  p a r t i c l e s  have been i d e n t i f i e d :  

( l j  
would perform a chemical. a n a l y s i s  on a p a r t i c i e  o r  number of p a r t i c l e s  

acquired more o r  less i n t a c t .  I t  would s e r i o u s l y  s t r a i n  t h e  p re sen t  

s ta te  of t h e  art  t o  produce such an instrument capable of analyzing a 

s i n g l e  micron s i z e  range pa r t i c l e  on any reasonable s i z e d  c o l l e c t o r .  

However, i t  seems f e a s i b l e  t o  envis ion an instrument t h a t  would perform 

such a n  a n a l y s i s  on a r e l a t i v e l y  l a r g e  number of p a r t i c l e s  as might be 

obtained by a comet i n t e r c e p t  mission. A measure of t he  average composition 

of a l l  p a r t i c l e s  could conceivably be obtained i n  t h i s  fashion.  No 

knowledge of such a n  instrument is  p resen t ly  a v a i l a b l e ;  however, and i t  

would undoubtedly involve a considerable  f i s c a l  expendi ture  as w e l l  as a 

cnnsfderablp p p r i ~ d  nf  t ime tc d g r e l 9 ~  scch 8 de-jice f ~ r  spscecraft 

mission.;  ( 2 )  A second technique which has  been the  s u b j e c t  of s u b s t a n t i a l  

e f f o r t  is  t h a t  of u t i l i z i n g  t h e  impact l i g h t  f l a s h .  A t  t h e  moment of impact 

of a hyperveloci ty  m i c r o p a r t i c l e ,  a l i g h t  f l a s h  i s  observed t h a t  is known 

t o  be a t  least  p a r t i a l l y  composed of l i n e  r a d i a t i o n .  There e x i s t s  t he  

p o s s i b i l i t y  of u s ing  t h e  observed l i n e  r a d i a t i o n  t o  determine the  elements 

p re sen t  i n  the  impacting p a r t i c l e .  Several i n v e s t i g a t o r s  have explored 

t h i s  area both t h e o r e t i c a l l y  and experimentally with only l imi t ed  success  

i n  i d e n t i f y i n g  materials i n  the  impacting p a r t i c l e .  9 1 3 9 1 4  The develop- 

=lent of t h i s  technique is  s t i l l  i n  the  rudimentary stages and a p p e a r s  t o  

be a highly complex approach t o  the  i d e n t i f i c a t i o n  of m i c r o p a r t i c l e  c o n s t i t -  

uen t s . ;  ( 3 )  The t h i r d  method involves  the  u s e  of t he  impact i o n i z a t i o n  

phenomena f o r  t h e  i d e n t i f i c a t i o n  of the c o n s t i t u e n t  materials i n  a 

mic ropa r t i c l e .  It i s  t h e  s u b j e c t  of t h i s  study and a t  p re sen t  is bel ieved 

t o  be  by f a r  t h e  most a t t r a c t i v e  and thoroughly developed approach t o  in 
- s i t u  measurement of chemical composition. 

Zlne technique would be t o  u t i i i z e  a c o i i e c t i o n  type instrumenr that 

The impact i o n i z a t i o n  d a t a  acquired on t h i s  program show t h a t  low 

v e l o c i t y  impacts gene ra l ly  tend t o  produce measureable s i g n a l s  only f o r  

those elements with low i o n i z a t i o n  p o t e n t i a l s .  From t h e s e  d a t a  then i t  

is concluded t h a t  an impact i o n i z a t i o n  TOF mass ana lyze r  could be u t i l i z e d  

f o r  t h e  d e t e c t i o n  of t h e  a l k a l i  elements down t o  perhaps one km/s. I n  
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this group Would f a i l  any element o r  compound w i t h  i o n i z a t i o n  p o t e n t i a l  

below about 5.5 e V .  

impact v e l o c i t y  6h0uld exceed 10 kmis t o  o b t a i n  s i g n a l  amplitudes t h a t  can 
For d e t e c t i o n  of elements with 8 e V  o r  g r e a t e r ,  the 

be measured r e l i a b l y ,  

For a poss ib l e  comet i n t e r c e p t  mission i n  the  1-8 km/s range, an 

impact i o n i z a t i o n  TOF mass analyzer could achieve l imi t ed  success  i n  the 

d e t e c t i o n  and c h a r a c t e r i z a t i o n  of impacting p a r t i c l e s .  However, recommen- 

d a t i o n s  are  t h a t  higher  v e l o c i t y  in t e rcep t  missions be considered f o r  t h i s  

instrument s i n c e  t h e  da t a  y i e l d  increases  s o  markedly wi th  inc reas ing  

v e l o c i t y .  It would be e s p e c i a l l y  advantageous t o  use higher  v e l o c i t y  

impacts since t h e  apparent higher plasma temperature w i l l  permit t he  

observat ion of con t ro l  elements added t o  t h e  t a r g e t .  

t h e s e  c o n t r o l  elements i n  the  output TOF s i g n a l  spectrum al lows a re la t ive 

abundance determination t o  be made on those materials i n  t h e  impacting 

m i c r o p a r t i c i e  which produce a measureabie ion  s i g n a i .  

approach t o  y i e l d  r e l a t i v e  abundance measurements, i n  a d d i t i o n  t o  mass 

i d e n t i f i c a t i o n ,  has  been shown i n  the work performed under NAS9-9309 

(Reference 1) and published i n  Reference 15. 

The presence of 

-. i n e  ab i i i r ;y  of t h e  

The r e c e n t l y  r e l eased  F i n a l  R e p o r t  of the Comet Encke B a l l i s t i c  

Mission Engineering Panel16 de f ines  t h r e e  poss ib l e  i n t e r c e p t  missions t o  

Comet Encke during i t s  1980 appa r i t i on .  The nominal i n t e r c e p t  v e l o c i t i e s  

of t h e  t h r e e  missions described are  7 .3  km/s, 18 km/s, and 27 km/s. Based 

on the  s t u d i e s  performed under t h i s  program and on t h a t  of Reference 1, a n  

impact i o n i z a t i o n  t ime-of-fl ight m a s s  analyzer could produce considerable  

d a t a  even on the 7.3 km/s i n t e r c e p t ;  

i n t e r c e p t s  o f f e r  s u b s t a n t i a l l y  more da t a  r e t u r n  on p a r t i c l e  composition. 

The higher v e l o c i t y  i n t e r c e p t  would, of course,  be the more a t t r a c t i v e  of 

t he  t h r e e  s i n c e  i t  would produce l a r g e r  s i g n a l s  from t h e  higher i o n i z a t i o n  

p o t e n t i a l  materials. The output  TOY s i g n a l  response would then be a more 

complete r e p r e s e n t a t i o n  of t he  chemical makeup of t h e  impacting p a r t i c l e .  

however, t h e  18 km/s and 27 km/s 

The i r o n  p a r t i c l e  impacts obtained on t h i s  program from the  Van 

de Graaff a c c e l e r a t o r  and from the  l i n e a r  a c c e l e r a t o r  i n d i c a t e  t h a t  impact 

i o n i z a t i o n  i s  s t r o n g l y  dependent on p a r t i c l e  mass. It is  assumed t h a t  t h e  

equation f o r  t h e  impact charge produced may be expressed as  



27207-6001 -TU-00 

Page 59 

* a  
Q = Km’ vc) 

P 
where, K = a materials cons t an t ,  

m = p a r t i c l e  mass, 

i 

P 

v = p a r t i c l e  v e l o c i t y .  

The d a t a  presented h e r e i n  show t h a t  t he  value of ci a t  10.0 km/s wi th  a 

~ tantalum t a r g e t  is  0.154. 

i n v e s t i g a t o r s  have found. 

I a t  v = 2.8 km/s, and a = 

tungsten t a r g e t .  D i e t z e l ,  

This value d i f f e r s  s u b s t a n t i a l l y  from what o t h e r  

Auer and Sitte’’ (1968) found t h a t  ci = 1.0 

0 .7  a t  v = 5.9 km/s f o r  i r o n  p a r t i c l e s  on a 

Neukum, and Rauser18 (1972) found f o r  a 

tungsten t a r g e t  t h a t  a = 1.0 f o r  v < 2 km/s, and a = 0.9 f o r  2 < v  < 9 km/s. 

Smith and Adams19 (1973) ( tungsten t a r g e t )  found t h a t  a = 1.33 f o r  v < 1 

km/s and a = 0.85 f o r  v > 1 km/s. 

Although t h e  t r end  i s  toward a lower mass exponent f o r  t hese  d a t a  

as v e l o c i t y  inc reases ,  none of t h e  reported va lues  are as low as t h e  one 

found here .  It should be noted; however, t h a t  a d i f f e r e n t  t a r g e t  material 

w a s  used i n  each case. Also, and perhaps more important ly ,  t h e  method of 

e x t r a c t i n g  t h e  f r e e  charge d i f f e r s  markedly from t h a t  used f o r  t h i s  s tudy.  

Another noteable  d i f f e r e n c e  is  t h a t  t he  average p a r t i c l e  mass i n  the p re sen t  

d a t a  w a s  a t  l eas t  an o rde r  of magnitude l a r g e r  than t h a t  used by o t h e r  

i n v e s t i g a t o r s  near 10 km/s. 
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